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PREFACE 


This  report  is  one  of  four  generated  during  a  National  Science 
Foundation  -  supported  study  of  statistical  indicators  of  scientific  and 
technical  communication.     The  four  reports  are  as  follows: 

( 1 )  Statistical  Indicators  of  Scientific  and  Technical 
Communication  (1960-1980).  Volume  I:     A  Summary 
Report.     This  volume  describes  the  major  indicators 
identified  during  the  study  and  their  significance 
to  the  field  of  communication  of  scientific  and 
technical  information.     These  indicators  are 
addressed  to  information  managers ,  administrators 
and  policymakers. 

( 2 )  Statistical  Indicators  of  Scientific  and  Technical 
Communication  (1960-1980),  Volume  II:     A  Research 
Report .     This  volume  is  concerned  with  the  data 
analyses  which  led  to  the  system  of  statistical 
Indicators.     It  includes  discussion  of  the  overall 
framework  upon  which  the  study  was  based  as  well 
as  of  the  analysis  and  mathematical  models  used 

to  generate  the  indicators.     This  volume  will  be 
of  interest  to  those  engaged  in  research  involving 
communication  of  scien*-ific  and  technical  informa- 
tion. 

( 3 )  Statistical  Indicators  of  Scientific  and  Technical 
Communication  (1960-1980),  Volume  III.:_    A  Data. 
Appendix  to  Volume  II.     This  contains  listings  of 
the  raw^data  obtained  for  a  sample  of  scholarly 
scientific  and  technical  journals  as  a  part  of  a 
Jou'-^al  Tracking  Survey.     The  data  are  accom- 
panied by  a  discussion  of  the  methodology  utilized 
in  collecting  them,  and  by  guidelines  for  their 
interpretation.     It  is  hoped  that  this  volume  will 
be  of  use  as  a  data  reference  tool  to  other  re- 
searchers involved  in  Lhe  study  of  the  scientific 
and  technical  journal  literature. 

( 4 )  The  Status  of  Joiirnal  Publishing  in  the  United 
States :     1975.^    This  volume  focuses  exclusively  on 
the  role  of  the  journal  literature  in  scientific 
and  technical  communication,  describing  the  flow 
of  article  informatiion  among  authors,  publishers, 
libraries,   colleagues  and  users.     A  large  number 
of  distribution  channels  are  discussed. 
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These  rt^ports  highlight  the  results  of  an  intensive  search  of 
secondary  datn  sources  for  relevant  Information  on  scientific  and  technical 
communication  activities.     As  a  part  of  an  ongoing  effort  in  this  area, 
the  Center  for  Quantitative  Sciences  will  provide  additioiu.I  data  and  special 
analyses  on  request.     Questions  should  be  addressed  to: 

King  Research,  Inc. 
Center  for  Quantitative  Sciences 
6110  Executive  Boulevard 
Rockville,  Maryland  20852 
(301)  881-6766 

The  work  performed  under  this  contract  was  conducted  primarily  by 
the  identified  authors.  Other  professional  staff  members  of  the  Center  for 
Quantitative  Sciences  who  wete  heavily  involved  in  the  study  were  Katherine 
McEvoy,  Mary  Yates,  Colleen  Schell,  Charles  Schueller,  and  Alice  Newman.  A 
substantial  con  '•)ution  was  also  made  by  Sandra  Baker  and  Jane  Hurst,  who 
patiently  typed  'ous  versions  of  the  reports. 

Consultants  on  the  project  vere  Francois  Kertesz,  Klaus  Otten, 
William  Creager,  and  Betti  Goldwasser.     We  also  received  a  good  deal  of  help 
from  a  large  number  of  voluntary  reviewers  and  organizations.     Finally,  the 
project  monitor,  Helene  Ebenfield,  provided  support  and  critical  insight 
throughout  the  project. 


Donald  W.  King 
Principal  Investigator 
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SECTION  1 


INTRODUCTION 


1 • 1  Background 

The  Division  of  Science  Information  of  the  National  Science  Foundation 
places  a  major  emphasis  on  providing  aid  to  management  across  the  national 
scientific  and  technical  information  enterprise.     One  source  of  such  assistance 
is  in  the  form  of  data  and  statistical  indica     "s  that  can  be  used  for  planning 
and  policy  purposes.  s,  NSF  requested  proposals  to  develop  statis- 

tical indicators  .:  i  the  STI  field.     The  statement  for  this  work  is  quoted  as 
follows : 

Numerous  studies  have  focused  on  the  transfer  of  research 
results  from  originators  to  users.     But  most  of  these  investiga- 
tions have  been  limited  to  one  phase  of  information  transfer  or 
to  one  field  of  science  or  to  one  point  in  time.     The  need  for  a 
comprehensive  and  continuing  information  base  for  policy  and 
planning  is  by  no  means  new,  but  it  becomes  even  more  urgent  as 
the  volume  of  scientific  and  technical  information  rises  beyond 
the  reach  of  manual  processing,  while  automation  on  a  massive 
scale  approaches  the  point  of  economic  feasibility.     In  order  to 
monitor  and  assess  these  developments,  a  statistical  system  for 
gathering,  organizing,  and  analyzing  data  relevant  to  all  aspects 
of  scientific  and  technical  communication  is  indispensable.  The 
objective  of  this  project  is  to  develop  and  initiate  a  system, of 
statistical  indicators  of  scientific  and  technical  communication. 
Each  indicator,  as  a  time  series,  will  trace  out  some  aspect  of 
the  production  of  new  scientific  and  technical  information,  of 
the  transfer  of  that  information  to  users,  or  of  the  resources 
needed  to  preserve  it  for  future  use  and  to  retrieve  it  when  needed. 
The  indicators  are  intended  for  analysis  and  interpretation  by 
planners  and  policy  makers  in  Government  and  in  the  private  sector 
and  as  data  in  modeling  and  simulation  studies.     Taken  together 
they  can  be  used  to  describe  trends,  anticipate  new  des^elopments , 
and  guide  the  evolution  of  the  nation's  information  resources 
toward  better  and  more  economical  service  (104). 

One  of  the  constraints  of  the  study  was  that  all  data  were  to  be  of 
a  secondary  nature,  that  is,  obtained  from  existing  and  available  sources.  We 
have  attempted  to  exhaust  these  sources  of  data  and  also  to  analyze  them  in 
terms  of  their  limitations.     The  second  constraint  of  the  study  was  that  the 
number  of  statistical  indicators  be  not  le?s  than  five  nor  more  than  twenty. 
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which  meiins  that  a  great  deal  of  information  had  to  be  molded  into  a  few, 
highly  useful  statistical  indicators. 


1.2  Study  Design 

The  study  was  designed  by  the  Center  for  Quantitative  Sciences  to 
include  five  major  tasks  -  a  background  study,  development  of  a  framework  for 
the  indicators,  da      collection,  development  of  the  system  of  statistical  in- 
dicators and  reporting.     The  first  four  tasks  are  described  briefly  below. 
The  study  reports  are  discussed  in  Section  1.3. 

The  background  study  included  a  numb  r  of  visits  to  experts  in  the 
fields  of  communications  and  information  science.     The  purpose  of  these  visits 
was  to  help  determine  what  indicators  might  be  of  use,  how  they  would  be  used 
and  where  data  could  be  found  to  be  incorporated  into  the  system  of  indicators. 
A  wide  range  of  sources  of  data  was  identified  from  these  visits. 

The  second  major  task  of  the  study  was  to  develop  a  framework  for  the 
system  of  statistical  indicators.  In  a  sense  the  framework  serves  as  a  general 
model  for  the  communication  of  scientific  and  technical  information.  Once  this 
framework  was  determined,  we  formulated  broad  descriptions  of  statistical  indi- 
cators that  fit  this  framework  and  that  we  felt,  based  on  the  background  study, 
would  be  of  most  use  in  the  STI  enterprise.  The  framework  used  is  described 
in  Section  1.4. 

Data  collection  involved  a  large  number  of  secondary  sources.  Among 
these,  various  National  Science  Foundation,  Bureau  of  the  Census  and  Bureau  of 
Labor  Statistics  publications  provided  information  on  scientific  manpower  and 
R&D  funding  patterns,  and  survey  results  from  the  Library  Surveys  Branch  of  the 
National  Center  for  Educational  Statistics  were  used  in  discussions  of  libraries 
Both  the  Statistical  Abstract  of  the  United  States  (24)  and  the  Bowker  Annual 
nf^Ljhr^ry  and_Book  Trade  Information  (18)  are  heavily  cited  throughout  the 
study. 

In  the  important  area  of  journal  publishing,  a  valuable  source  was 
the  SATCOM  report   (59)  prepared  by  the  Task  Croup  on  the  Economics  of  Primary 
Publication  of  the  Coiranittee  on  Scientific  and  Technical  Communication  of  the 
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National  Academy  of  Sciences  and  the  National  Academy  of  Engineering.  This 
report  presented  results  of  a  study,  prepared  by  Conyers  Herring,  that  care- 
fully analyzed  a  number  of  economic  factors  in  publishing  such  as  costs,  price, 
circulation,  and  sources  of  revenue. 

Additional  data  on  journals  came  from  two  studies  sponsored  by  the 
National  science  Foundation,  Division  of  Science  Information.     One  study  (48) » 
recently  completed  by  Indiana  University  under  the  direction  of  Dean  Bernard  M. 
Fry,  obtained  economic  data  from  journal  publishers  for  three  years  over  a  five 
year  period   (1969,  1971,  1973).     Our  results  use  some  of  these  data.     The  second 
study  sponsored  by  NSF  is  currently  underway  at  New  York  University  under  the 
direction  of  Dr.   Fritz  Machlup   (73).     This  study  will  provide  the  best  data 
gathered  thus  far  on  publishers,   including  cos:s,  price  and  circulation.  We 
expect  that  some  of  our  data  will  be  supersede  I  by  these  results  since  the 
data  gathering  procedures   (personal  interview  <   d  collection  by  graduate  stu- 
dents) are  superior  to  procedures  used  by  others  in  the  past. 

An  impo/tant  part  of  our  data  collection  was  a  special  study  of  journal 
publishing  conducted  to  fill  a  gap  in  the  available  secondary  data  sources. 
This  study  was  subdivided  into  three  fnirly  distinct  parts.     The  first  part  in- 
volved a  sample  of  191  scholarly  scientific  and  technical  journals.  These 
journals  were  tracked  back  to  1962  to  obtain  information  about  their  physical 
characteristics  such  as  number  of  issues  per  year,  number  of  articles  per  issue, 
number  of  pages  per  article,  number  of  characters  per  page,  number  of  special 
graphics,  and  number  of  citations.     The  second  part  involved  a  survey  of  authors 
of  journal  articles  to  determine  information  about  their  articles  such  as  page 
charge   ,   reprints  distributed  and  number  of  manuscript  revisions.     We  also  de- 
termined information  about  journal  articles  that  were  cited  by  the  authors,  in- 
cluding how  the  authors  identified  their  cited  articles  and  how  they  gained 
physical  access  to  them.     The  third  part  of  the  study  involved  a  thorough  review 
of  secondary  sources  of  data  such  as  other  studies  and  available  publisher 
records.     Initial  plans  to  conduct  a  small  publisher  survey  were  felt  to  be 
duplicative  of  Dr.  Machlup's  previously  referenced  project.     This  survey  of 
publishers  is  very  comprehensive  and  should  yield  better  publisher  data  than 
we  could  have  achieved  on  this  study  from  secondary  sources. 
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The  journal  tracking  study  provided  information  over  the  1962  -  1974 
period  on  the  prices  charged  to  various  subscribers.     There  is  a  dearth  of  in- 
formation on  publishing  costs  over  an  extended  period  of  time.     Therefore,  we 
applied  a  cost  model  developed  in  an  earlier  N'SF  study  (U)   to  estimate  costs 
of  typical  journals.     This  model  provides  estimates  of  prerun  and  runoff  costs 
as  a  function  of  various  model  parameters:     (1)  journal  characteristics  in- 
cluding number  of  issues,  pages  per  issue,  pages  per  article,  characters  per 
page,  and  graphics;   (2)  cost  factors  such  as  paper  and  supplies,  labor,  postage 
and  equipment;  and   (3)  process  factors,   including  the  process  techniques  used 
such  as  typesetting  versus  photocomposition  and  process  flow  characteristics  such 
as  percent  rejection.     Averages  for  each  of  the  model  parameters  were  estimated 
from  1962  to  1974  and  forecast  to  1980  so  that  we  could  estimate  costs  over 
this  duration  of  time.     Thus,   the  journal  tracking  study  provided  data  for 
prices  and  journal  publishing  parameters  from  which  we  could  estimate  costs. 
We  also  obtained  other  interesting  indicators  such  as  sources  of  funding  of 
research  leading  to  the  articles,   delay  time  from  submission  of  articles  to 
publication,  and  number  of  journal  articles  citations  as  well  as  citations  to 
books  and  technical  reports. 

To  the  extent  possible,  all  lata  collection  was  conducted  in  terms  of 
the  following  fields  of  science  used  by  the  National  Science  Foundation.  These 
nine  fields  are: 

I.  Physical  Sciences   (Astronomy,  Chemistry,  Physics, 

Other  Physical  Sciences) 

II.  Mathematics 

III.  Computer  Sciei       md  Engineering 

IV.  Environmental  Sciences   (Atmospheric  Sciences, 

Geological  Sciences,  Biological  Oceanography, 
Physical  and  Chemical.  Oceanography,  Ecology,  Other 
Environmental  Sciences) 

V.  Engineering  (Aeronautical,  Astronautical ,  Chemical, 

Civil,  Electrical,  Mechanical,  Metallurgy  and  Materials, 
Other  Engineering) 

VI.  Life  Sciences   (Biological,  Clinical  Medical,  Other 

Medical,  Other  Life  Sciences) 

VIT.  Psychology  (Biological  Aspects,  Social  Aspects,  Other 

Psychological  Sciences) 
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VIII.  Social  Sciences   (Anthropology,  Economics,  History, 

Linguistics,  Political  Science,  Sociology,  Law, 
Other  Social  Sciences) 

IX.  Other  Sciences  (Science  and  Technology  Assessment, 

Science  Policy,  Other  Sciences  not  elsewhere  classi- 
fied) 

The  next  two  sections  briefly  discuss  the  reports  generated  for  this  project 
and  the  overall  framework  used  for  analysis. 


1.3  Study  Reports 

In  order  to  develop  a  system  of  statistical  indicators,  it  was 
necessary  to  study  hundreds  of  secondary  data  sources  and,  from  these  sources, 
derive  a  small  number  of  indicators  that  suggest  the  direction  of  scientific 
and  technical  communications  over  the  past  and  in  the  future.     It  is  anticipated 
that  these  indicators  will  be  useful  to  information  science  managers  (adminis- 
trators and  policymakers)  as  well  as  to  others  engaged  in  scientific  and  techni- 
cal communication  activities. 

Since  the  range  of  available  data  is  so  broad  and  since  the  data  are 
imbedded  in  the  small  number  of  indicators  in  diverse  ways,  we  have  chosen  to 
present  results  of  our  investigation  in  three  distinct  volumes  as  follows: 

1)  The  first  volume  is  a  presentation  of  the  STI  Communications 
Statistical  Indicators.     This  volume  includes  only  a  des- 
cription of  the  major  indicators  and  their  significance  to 
the  field  of  communication  of  scientific  and  technical  in- 
formation.    These  indicators  are  addressed  to  information 
managers ,  administrators  and  policymakers . 

2)  The  second  volume  is  an  STI  Communications  Statistical  Indi- 
cators Research  Report  concerning  the  analysis  of  data 
leading  to  the  system  of  statistical  indicators.     It  includes 
description  of  the  framework  leading  to  the  syS'tem  of  statis- 
tical indicators  as  well  as  the  analysis  and  mathematical 
models  used  to  generate  the  statistical  indicators.  This 
volume  will  be  of  interest  to  those  engaged  in  research 
involving  communication  of  scientific  and  technic.  '  InfDrma- 
tion.     It  will  also  serve  those  who  are  interested   la  the 
details  of  how  the  system  of  statistical  indicator.-^  was  de- 
rived . 
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3)  The  Lhi.rd  volume  i.;.,  A  Data  Appendix  to  Volume  II.  It 

contains  listina^'j  oT  the  ''raw'*  data  obtained  for  a  sample  of 
scholarly  scientifjc  and  tcclmlca].  journals  as  a  part  of  our 
Journal  Trackinji  Survey.     The  data  are  accompanied  by  a  dis- 
cussion of  the  methoda]o[;y  utilised  in  collecting  them,  and 
by  guidelines  for  tlieir  interpretation.     It  is  hoped  that  this 
volume  will  be  of  use  as  a  data  reference  tool  to  other  re- 
searchers involved  in  tlie  study  of  the  scientific  and  technical 
journal  literature. 
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This  report,   the  second  volume,  is  organiiied  into  sections  covering 
the  major  functions  involved  in  the  communication  of  scientific  and  technical 
information.     Section  2,  Research  and  Information  Generation^  covers  the  number 
of  scientists  and  engineers  and  the  volume  of  R&D  funding  in  some  detail  and 
is  included  primarily  as  background  information. 

Section  3,  Trends  in  Publishing  and  Technical  Information,  focuses 
on  the  composition,  recording,   reproduction  and  Initial  distribution  of  scienti-- 
fic  and  technical  information.     It  discusses  the  range  of  document  types,  in- 
cluding books,  journals,   technical  reports  and  others.     Major  subsections  deal 
with  the  growth  of  the  literature,  trends  in  factors  related  to  publishing, 
and  the  costs  of  publication. 

Sections  A,   5  and  6  are  concerned  with  the  functions  occurring  between 
publication  and  use  of  an  S&T  information  source*     The  emphasis  is  on  libraries, 
an  important  conununicat ions  channel.     Section  4,  The  Acquisition  and  Storage  of 
Information,   consists  of  an  introduction  to  the  topic  of  libraries  and  a  dis- 
cussion of  the  volume  and  costs  of  library  acquisitions  of  scientific  and  techni- 
cal materials.     O^rganiza t ion  and  Control  is  covered  in  Section  5,  including  both 
trends  in  library  cataloging  activities  and  the  role  of  abstracting  and  indexing 
services  in  the  communications  process.     Section  6  is  entitled  Identification  and 
Physical  Access  and  discusses  the  means  by  v/hich  the  scient^<^>t  identifies  needed 
materials  and  gains  physical  access  to  them. 

Section  7  completes  the  communications  flow  by  . describ ing  the  Assimila- 
tion  and  Urjc  of  Information,  primarily  measured  through  the  use  of  citation 
analysis.     In  Section  8,  Tota.].  Cost  of  ConnTiunlcatiing  Scientific  and  Technica,! 
Information,   the  costs  of  the  various  functions  are  combined  and  cost-effectiveness 
relationships  are  explored.    The  Reader  is  also  referred  to  the  Index  to  Tables 
at  the  end  of  Volume  IT.  ^ 
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1 . 4  Frnmowor k  for  the  Statist  lea  I  Indicators 

It  can  be  safely  said  that  communication  of  scientific  and  technical 
information  is  one  of  the  most  important  aspects  of  scientific  research  for  this 
is  the  mechanism  that  leads  to  its  use  and  ultimate  benefits.  Communication, 
however,  becomes  increasingly  difficult  as  the  number  of  persons  engaged  in 
science  and  technology  multiplies  and  as  interdisciplinary  and  multidisciplinary 
scientific  research  becomes  increasingly  important  to  scientific  advancement. 
The  difficulties  encountered  in  communication  of  scientific  and  technical  in- 
formation are  further  compounded  by  increased  costs  and  decreased  resources 
with  which  to  perform  the  basic  functions  necessary.     Furthermore,  the  use  or 
anticipated  use  of  innovative  processes  further  complicates  the  situation  since 
we  have  no  clear  picture  as  to  the  imp     t  of  these  innovations. 

In  order  to  gain  some  understanding  of  what  has  happened  and  to  anti- 
cipate what  is  likely  to  occur  in  the  future,  a  system  of  statistical  indicators 
of  the  communication  of  scientific  and  technical  information  is  needed.     The  in- 
dicators developed  as  a  part  of  this  study  are  based  on  a  framework  or  a  model 
of  communication  of  scientific  and  technical  information.     This  framework  is 
depicted  in  Figure  1.1.     The  diagram  represents  an  information  transfer  spiral 
based  on  published  documents,  although  some  of  the  functions  described  in  it  are 
applicable  to  other  forms  of  communication  as  veil.     The  spiral  includes  ten 
functions  that  are  essential  to  complete  the  transfer  of  information. 

It  is  convenient  to  consider  the  spiral  as  beginniug  at  Research  which 
results  in  Generation  of  Information  (1).     This  fiuiction  is  the  role  of  scientists 
and  engineers.     Obviously,  without  research  results  to  report  or  to  communicate, 
there  would  be  little  need  for  communications  media.     As  shown  later  in  this 
report,   the  generation  of  research  results  and  their  subsequent  use  are  related 
to  the  number  of  scientists  and  engineers  and  to  the  resources  expended  on  re- 
search . 

As  a  result  of  scientific  research  projects,  manuscripts  (books,  arti- 
cles, reports)  are  Composed  (2).     The  composition  function  refers  to  writing, 
editing  and  reviewing  the  manuscripts.     UTien  a  manuscript  is  in  a  form  to  be 
communicated  it  is  considered  to  be  Recorded   C3).     These  two  functions  are  the 
role  of  authors,   publishers  and  other  scientists  when  editing  and  review  are 
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Figure  1.1    SCIENTIFIC  AND  TECHNICAL  INFORMATION  TRANSFER 


perforniL'd .     At   this  stage  Jn  Isolntion,  authors  have  very  little  impact  on  the 
scientific  coiuinunity  by  means  of  forniaL  communication,     It  is  not  until  the  work 
has  been  reproduced  and  distributed  that   It  has  the  potential  for  widespread  in- 
fluence on  an  audience  beyond  tlie  authorVs  circle  of  colleagues  and  follow 
specialists. 

The  Reproduction  (4)  and  Distribution  (5)  functions  are  usually  the 
role  of  the  publisher  of  scientific  materials.     However,  as  demonstrated  later, 
the  authcrr,   libraries  and  colleagues  also  play  an  important  role  in  reproduction 
and  distribution.     Transfer  of  documents  through  the  latter  three  participants 
may  be  thought  of  as  indirect  reproduction  and  distribution  which  cannot  take 
place  without  Acquisition  and  Storage   (6) »     Although  many  individuals  may  ac- 
quire scientific  and  technical  books,  articles  or  reports,  and  may  store  them, 
at  least  for  a  while,   this  stage  of  the  spiral  is  best  represented  by  acquisi- 
tion and  storage  by  libraries  and  other  information  centers*     Through  their 
acquisition  and  storage  policies,   libraries  provide  a  permanent  archive  of 
scientific  achievement.     They  also  provide  a  guaranteed  source  of  access  to  this 
record , 

Libraries  also  have  an  important  role  to  play  in  Organization  and 
Control  functions   (7).     As  well  as  collecting  publications,   libraries  and  other 
informatioi    centers  provide  access  to  these  documents  through  cataloging,  classi- 
fication,  indexing  and  other  related  procedures.     The  major  indexing  and  ab- 
stracting services  and  bibliographic  services  play  an  important  role  in  organi- 
zation and  control  as  well*     Needed  publications  may  be  Identified  and  Located 
(8)  by  a  number  of  processes  including  reference  to  one's  own  subscription, 
library  search  and,   recently,  computerized  search  and  retrieval  systems.  This 
function  is  usually  accomplished  by  the  user  or  an  intermediary  from  a  library 
or  other  information  service.     The  Physical  Access  function  (9)  may  include 
direct  distribution  of  scientific  and  technical  articles  from  publishers  to 
users  as  well  as   indirect  distribution  througli  libraries  and  other  information 
centers.     The  final   function  in  the  cycle,   tliat  of  Assimilation  by  User  (10), 
is  the  Toast   tangible.     The  assimilation  function  is  the  stage  at  which  informa- 
tion   (as  opposed  to  documents)   is  transferred,  and,   thus,   th^  state  of  the  user's 
knowledge  is  altered.     The  functional   framework   is  presented  as  a  spiral  because 
the  communication  process  is  continuous  and  may  be  regenerative.  Through 
assimilation  a  reader  may  gain  information  that  can  be  used   in  bis  research  in 
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such  phases  as  oom'i'pLiinl  Iz.it  io.i,  d(>^5^gn,  conduct,  nnnlysis,  nnd  composition. 
This  research  nuiy,   in  turn,  generate  new  composition  and  recording,  and  so  the 


process  continues. 
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SlXTTON  2 


RESEARCH  AND  INFORMATION  GENEIUTION 

The  quantity  of  scientific  and  technical  information  generated 
over  a  period  of  time  can  be  assumed  to  bear  a  relationship  to  three  general 
crends:     The  numbers  of  scientists  and  engineers;   the  educational  levels  of 
scientists  and  engineers,  and  the  dollars  available  for  research  and  develop- 
ment.    This  section  deals  in  detail  with  these  three  trends  and  some  of  the 
forecasts  of  the  literature  growth  are  based  on  these  trends.     Persons  not 
having  a  specific  interest  in  these  background  details  may  want  to  skip  t  Is 
section  and  go  on  to  those  sections  dealing  with  communications  functions. 

Resources  available  for  the  research  and  generation  function  are 
discussed  separately  below  as  human  resources  and  financial  resources.  The 
characteristics  of  the  outlets  for  recorded  and  informal  information,  al- 
though closely  related,  are  handled  under  the  Composition  and  Recording 
function,  and,   therefore,  are  only  referred  to  in  this  section. 

2 . 1  Human  Resources,   the  Population  Base 

A  number  of  population  trends  (including  projection-^)  provide  a 
basis  from  which  to  view  such  human  resource  elements  as  college  enrollments, 
degrees  granted,  employment,  etc.     For  this  purpose  there  are  particular 
groups  of  the  population  which  can  be  examined  such  as: 

•  total  population; 

•  college  age  populations;  and 

•  labor  force  age  populations. 

Certain  other  population  breaks  such  as  degree  recipient  and  em- 
ployment rates  for  women  might  also  be  considered.     However,   these  in- 
cre<asing  rates  are  imbedded  in  the  statistics  for  the  labor  force  and  degree 

icipient   trends  and  a  detailed  viev;  of  the  impact  of  career  involvement  by 
women  can  he  obtained  from    aher  sources  such  as  the  publications  of  the 


EKLC 


38 
11 


hi;, .Ml.,  lit      r  I-.iImm-  ,11.  i    til.  ..l-r-   r(»r   r.(ii'(    I  1        i       -il  iv(  irs  . 

The  (I  i  :.fr.;«,  :  ' ' )  i  !       -i  1    .  iMi    (^(..1    pi .  j  m  1 .  < !  I , -ir  .  by  r..'"fr' i  ■   .  o^i^y. 

TIk'  J;  c  i .':  i  f.>   .  li  ;  .  i)  .-jUTfrir-  Nii-fl.^  v.'f)MM  ]u:  u:  'ul  rvi)lvv:(i  .-i:  ;;n 

UTuW-r:;  :.:'■!: 'I. ^  •     :  ,viin    '  Cli.'  ^;  (.  1 1  i  -  1  I  f     cmi  {-dl  !••;•••  cm      I  1  i;i '  n  L  n  ,  .Ic-rcrS 

Col!«\:s'  ^'^''i  t'cM'.  1  (I'^-cu    in  t  cv: '  -  of  tir.a   vv-.n*  cMir(>II.- 

by   lr'\'t-l  .iiul         ri.c>l«!.     A:-i    i  in:  .\  in  pi  rt.-l  ir...'  c  nv'nl  1  :.U'n  t : :   LuPJs   to  t^x- 

pniul   tlic  n<^t    r:iii^>    luv^^v  cuii.-- 1  (.1      1 1  '     ,  -JS  does  our   irtcrc.-r  in  fV.D  d--'[^rc..'n . 
'Ihiis  t\\c  18-21   yccu-  rail-..'  is  tto  lii-iilLd  for  nuiuy  purprsor^.     An  18-2'»  ^roup 
niay  be'  rxpccL.'fl  to  covlt*  :i  niicli  l.ir-or  n  lopor  t  i  f.n  of  stndcMUr;  belov;  the 
iiiai^tL-rVs  level  ;i  I   K'n^-l..     In  acMilion  r,  17-]S  year  .'](^  pc^puUilJon  Is  fre- 
qiioutly  ns'jd  as  a  ba^io   for  f:or;[)aring  first-Linie  enrol  r.«Mi  r:s  in  co].le[;e. 

Host   labv"ii'   forv      staLlraics  are  bair.cd  epr?:)  a  16  and  over  po[^'jla- 
tlon.     For  our  purpo:?.e^.   as  w<:  ai'e  ali.u^st   excl  usi-.-ely  concerned  ^;Lt!i  C'^llo[;,e 
gradua.ff's,  a  21   and  ovcv  pc^j"!  1  a  1 1  on  ::i."iy  be  more  a[)p  rape  i  a  tc  .     Ta  addition, 
and  e;;peci.iny  as   Lhe  C^j  and  or-r  population  ir.  Iv-cc^:-!  ing  a  lar-er  pro]>ori:ioa 
of   to!.-"!   ptM-!  1  at  itM^,   so:::c'  b/ir.i^>  may  ex  f::t   for   e::a?u'nip^  a  population  p^roT.p 
wb.Ieh  co.L-r.'^..  a  nairoi/fi*  ..-i..'  raii-c   llial  has  lil^^licr  i>vo[^oi-t  ion  oi  rrionbers  in 
tho  labor   force^   sacb  an  21-6^.     Af   lea'^t  to  Ibe  extent   that  our  concern  is 
tl;e  n^ore  hl^'.nly  educat-ed,   t^r  t'-q-.er  i  one ed  prof  l-s:: i  oual  s  ,  perliaps  a  23-6''* 
pojHi^ati'K!  baft'  v^ould  I'.'  luore  vaJivI. 

Thero  r.n:.  .^^otil'  other  r       bredlrs  rhich  r/ight  be  examined,  especially 

as  thrv'  r^  ^iie  to  d  i  r  fcrcnces^.  J  i*.  "  in  r(Ma!a  I  i  on  j:.eneral oa  prc»duc  t  ivi  ty'^  over 

J. 

tht:  prc^fi  -  ir-.'l    lifr-t'M.'  of  s,-.^-nt  J  St  (12'^). 

All   popniatina  pro/iL'Clina  data  u>^ed     a   this  sect  L(^n  are  C.'iisus 
litircat!   S.M-irs   1.  I    data   drr   '^hi.-   ^)(:  atal.-.',   and  D.C,    inchidin^-.  ar;:id  ft-rees 
()Vi'i-s».:a^    nales;.  o  I  !]ar\.  i        sju  ciri.cL     Vl:e  n;^i.>  of  the  other  \')r  o^]  cc  \  .1  (y-ii-:  i;)i|;];t: 
provide  differing  prop,  a*  i  Inr>s  .   b.nt    Llie  r,reatc::t    c  r(.'d  f  In*  1  i  ty  app.-ir-.  to  lie 
w;i  tdi    I  \)i    i\hr\J''  <        \        r  » •  •.  . 


I>^'!^t>l  I  <i  j'r  I ;      d  I    :  dc''   I  hi'  i»i-C  (:i' 


tif  a    sc  ii  i  1  i'-L  !•   r  i.i-d , 


ERIC 


12 


2 • 1 • 1  Total  Population 

A  salient  characteristic  of  the  U,S.  population  profile,  graphed 
on  the  following  page  (Figure  2.1),  may  be  expected  to  have  more  impact  on 
education  and  employment  than  any  otlicL;   the  large  number  of  births  around 
1960  creates  a  dramatic  peak  in  the  age  distribution  profile.     This  cohort 
of  young  people  centers  around  the  15-19  year  old  group  currently  (1975). 
If  all  else  were  to  remain  the  same  proportional  to  total  enrollment  and 
age-specific  populations,   the  passing  of  this  peak  or  bulge  through  the  prime 
college  enrollment  age,  into  the  newly  employed,  and  then  through  employ- 
ment years  and  into  retirement  would  unavoidably  result  in  significant 
effects  on  the  numbers  of  and  employment  opportunities  for  scientists  and 
engineers . 

Total  population  of  the  U.S.    (including  armed  forces  overseas) 
has  grown  from  181  million  in  1960  to  an  estimated  214  million  in  1975  and 
is  projected  to  reach  223  million  by  1980  (Table  2.1).     Overall  annual  rates 
of  increase  shown  in  Table  2.2  have  been  declining  since  1961,  with  minor 
cxcept;ions   (1970,   1975).     This  generally  decreasing  growth  rate  is  expected 
to  continue  through  1980.     However,   trends  within  specific  age  groups  have 
differed  considerably  over  the  same  period.     For  example,   the  35-44  year 
old  group  has  experienced  real  declines  in  population  since  1963  (22). 

Over  the  same  period,  median  age  of  the  population  decreased  during 
most  of  the  60's  and  early  70's  from  29.4  in  I960  to  a  low  of  27.9  in  1971. 
Since  then  it  has  been  generally  increasing  and  is  predicted  to  reach  29.9 
by  1980. 

The  rightward  movement   (in  terms  of  the  graph)  of  this  "bulge'' 
needs  to  be  constantly  kept  in  mind  in  considering  projection  data.  Upsurges 
in  total  numbers  of  new  entrants  into  scientific  fields  over  the  next  decade 
will  most  certainly  be  followed  by  subsequent  decreases.     If  the  information 
generating  capability  of  scientists  as  well  as  their  information  needs 
differ  by  length  of  time  in  the  labor  force,  then  the  movement  of  this  bulge 
through  labor  force  participation  years  also  need  to  be  kept  in  mind. 
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Table  2.1      TOTAL  POPULATION  OF  UNITED  STATES,  BY  SELECTED  AGE  GROUPS: 

1960-1980,  1985 


(Millions) 


16  4 

21  i 

25  t 

Total 

Asa 

Ov«c 

Owar 

Ovar 

W-18 

la-n 

:e-j4 

1S-Z4 

16-64 

21-44 

'  25-«4 

1960  .  .  . 

180.8 

29.4 

121.8 

108.9 

100.0 

5.6 

9.6 

li.i 

21.8 

105.2 

92.2 

83.3 

I96I  .  .  . 

183.7 

29.2 

123.4 

109.9 

100.1 

5.8 

10.3 

17.0 

22.3 

106.3 

92.8 

83.8 

1962  .  .  . 

186.5 

28.9 

124.9 

111.1 

101.7 

5.6 

10.8 

17.7 

23.1 

107.4 

93.6 

84.2 

1963  .  .  . 

189.2 

28.6 

127.3 

112.3 

102.5 

5.5 

11.2 

18.3 

2K.1 

109.3 

94.5 

84.7 

1964  .  .  . 

1?1.9 

28.3 

129.4 

113.8 

103.4 

6.5 

11.3 

18.8 

26.0 

111.3 

95.7 

13.) 

I96S  .  .  . 

194.3 

28.1 

U1.5 

115.2 

ir4.3 

7.3 

12.2 

20.3 

27.3 

113-1 

H.7 

83.1 

1966  .  .  . 

196.6 

28.0 

133.7 

116.5 

L03.3 

7.0 

12.9 

21.4 

28.4 

U4.9 

97.1 

86.5 

1967  .  .  . 

198.7 

27.9 

135.9 

117.8 

I0<.5 

7.0 

13.7 

22.3 

29.4 

il6.8 

98.8 

87.4 

1968  .  .  . 

200.7 

28.0 

138.2 

120. 1 

107.9 

7.2 

14.5 

22.9 

».2 

118.8 

100.7 

88.6 

1969  .  .  . 

202.7 

28.0 

140.5 

122.0 

107.2 

7.4 

14.4 

23.7 

31.3 

120.8 

102.3 

89.5 

1970  .  .  . 

204.9 

27.9 

142.9 

124.0 

110. 5 

7.6 

14.7 

24.7 

32.5 

122.9 

103.9 

90.4 

1971  .  .  . 

207.0 

27.9 

I«5.4 

126.0 

IU.7 

7.8 

15.0 

25.8 

33.7 

124.9 

105.5 

91.2 

1972  .  .  . 

208.8 

28.1 

147.9 

128.1 

113.9 

8.0 

U.4 

25.9 

3i.0 

127.0 

107.2 

93.0 

1973  .  .  . 

210.4 

28.4 

150.5 

130.2 

115.8 

8.1 

15.8 

26.4 

34.6 

129.1 

108.8 

94,5 

1974  .  .  . 

211.9 

28.6 

153.1 

132.4 

117.7 

8.3 

16.1 

26.9 

35.3 

U1.2 

110.6 

95.9 

1975  .  .  . 

213. 5 

28.8 

155.6 

134.7 

119. S 

8.5 

1&.5 

27.6 

36.0 

133.3 

112.3 

97.2 

1976  .  .  . 

215.1 

28.9 

158.1 

137.0 

121.5 

8.5 

16.8 

28.2 

36.6 

U5.3 

114.2 

9*;.  7 

1977  .  .  . 

216.8 

29.3 

160.6 

139.3 

123.6 

8.4 

17.0 

28.6 

JJ.O 

137.4 

U6.1 

100.4 

197B  .  .  . 

218.7 

29.5 

163.1 

141.8 

125.6 

8.5 

17.1 

29.0 

37.4 

U9.4 

U8.I 

102.0 

1979  .  .  . 

220.7 

29.7 

165.4 

144.2 

127.8 

8.5 

17.1 

29.3 

37.6 

141.3 

UO.l 

103.7 

1960  .  ..  . 

222.8 

29.9 

169.7 

149.0 

IJO.O 

8.3 

17.0 

29.5 

37.6 

1«3.1  • 

122.1 

105.5 

1985  .  .  . 

234.1 

31.1 

176.5 

158.2 

141.7 

7.1 

15.4 

27.8 

34.9 

149.9 

131.5 

115.1 

  f CRCEKT 

CHANCE   

1960-65  . 

8 

-4 

8 

6 

4 

30 

27 

26 

25 

a 

3 

3 

1965-70    .  . 

6 

-1 

9 

8 

6 

4 

20 

12 

19 

J 

7 

3 

1970-75    .  . 

4 

3 

9 

9 

8 

12 

12 

12 

11 

8 

1 

1 

1975-80    .  . 

4 

4 

9 

11 

9 

-2 

3 

7 

4 

7 

9 

9 

I980-S5    .  . 

s 

4 

4 

& 

9 

-14 

-10 

-4 

-7 

5 

a 

9 

SOUaCC:     Bureau  of  tha^Carviia,  DOC,  17^,0-73  ilaea:     "EtcK^itaa  of  tha  fcPuUtlon  of  ch«  Unltci  SCaCaa.  By  A|a.  Saa.  *n4  «aca:    APrll  U.  1960  to 
Julr  1»  19  7  J."  Currant_  Popultclgn^Kcporta;  Populjitlon  gftfiCn  drd  ?ro  If*;  e '.i»a  (S«r:a»  r-25.  tto.  J19).  April  1974. 

 •  197**80  dAca:     "Projactlont  of  t^*  Pc?jlitlon  of  !ha  ';n!:a<l  Staeaa,  by  A|«  ind  5««.  1975  lo  2000,  with  Eatanalon 

**t  TotJl  fopulaeloo  to  2025."  Currant  Populatton  Karorra:  PcpuUttcn  e<tl>^tat  and  ? ;g <«gel>>n.,  (Sarlai  P-23.  Ho.  541).  fabr.Ury  1975. 
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Table  2.2      TOTAL  POPULATION  AND  COLLr.CK  ACH  I'OPULATJOIIS , 
ANNUAL  RATliS  OF  INCllHASF.:     1960-1980,  1985 


(Percent) 


Year 

Total 
Population 

A^o  Group 

J.  t     s  ^ 

18-21 

18-24 

1960  .   .  . 

1961  .   .  . 

1.7 

7  3 

5.6 

1962  .   .  . 

1.5 

-3.4 

4.9 

4.1 

1963  .   .  . 

1.4 

-1.8 

3.7 

3.4 

1964  .   .  . 

1.4 

18. 2 

0.9 

2.7 

1965  .  .  . 

1.3 

12.3 

8.0 

8.0 

1966  .  .  . 

1.2 

-4.1 

5.7 

5.4 

1967  .  .  . 

1.1 

6.2 

4.2 

1968  .  .  . 

1.0 

2.9 

5.8 

2.7 

1969  .  .  . 

1.0 

2.8 

-0.7 

3.5 

1970  .  .  . 

1.1 

2.7 

2.1 

4.2 

1971  .  .  . 

1.0 

2.6 

2.0 

4.5 

1972  .   .  . 

0.9 

2.6 

2.7 

0.4 

1973  .  .  . 

0.8 

1.3 

2.6 

1.9 

1974  .  .  . 

0.7 

2.5 

1.9 

1.9 

1975  .   .  . 

0.8 

2.4 

2.5 

2.6 

1976  .   .  . 

0.7 

1.8 

2.2 

1977  .  .  . 

0.8 

-1.2 

1.2 

1.4 

1978  .  .  . 

0.9 

1.2 

0.6 

1.4 

1979  .  .  . 

0.9 

1.0 

1980  •  .  . 

1.0 

-2.4 

-0.1 

0.7 

1985  .  .  . 

1.0 

-2.5 

-3.4 

-2.2 

SOURCE:     Market  Facts,  Inc.,  Center  for  Quantitative  Sciences. 
Based  on  Table  2.1. 
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Co]  le^f^  A^o  ro{ni]aL.i on 

The  projected  .17-]8  yecjr-old  populntion  (Table  2-2  and  Figure 
2.2)  levels  off  from  1975-1979  and  then  begins  to  decrease.     Thus  if  college 
enrollment  rates  for  17-18  year  olds  remained  constant,  enrollments  could 
still  be  expected  to  decrease  by  1980,     (In  fact,   these  rates  are  not  re- 
maining constant,  but  have  begun  to  decrease,)     In  the  18-21  and  18-24  age 
groups  leveling  off  occurs  somev;hat  later,  but  still  will  similarly  affect 
total  college  enrollments  by  1980.     Decreasing  college  enrollments  (even 
if  the  same  proportion  of  appropriate  age  groups  were  to  continue  to  enroll) 
after  1980  or  so  will  impact  severely  on  job  opportunities  for  Ph.D.  holders, 
and  at  the  time  when  the  number  of  Ph.D.  holders  (again  assuming  continuation 
of  present  rates  of  Ph.D.  achievement)  has  just  increased. 

Figure  2.2      COLLEGE  AGE  POPULATION  GROITPS : 

1960-1980 


In  the  15  years  since  1960,  the  population  age  group  from  wliich 
the    ar[;e  inn  orify  of  the  labor  force  is  drnv/n  (21-64)  accounts  for  approxi- 
mately liaii  of  the  total  population.     From  a  low  of   51.2  percent  in  1966-67, 
the  proportion  grew  to   5A.  5  percent  in  1975  and  is  expected  to  reach  almost 
57  percent  in  1980  (Table  2.3  and  Figure  2.3).     These  increases  compounded 
by  Increased  labor  force  participation  by  v;omen  will  substantially  increase 
the  size  of  the  labor  force  over  the  next  five  years. 

Figure  2.3      SELECTED  LABOR  FORCE  AGE  GROUPS  AS  A  PERCENT  OF  ALL  20-64  YEAR 

OLDS:  1960-1985 


2.1.2  Education 


Data  connected  with  the  education  of  scientists  and  engineers  is 
of  interest  for  two  reasons.     Not  only  do  tliey  provide  a  description  of 
the  numbers  of  scientists  and  engineers  that  can  be  expected  to  be  partici- 
pants in  the  scientific  labor  force  in  subsequent  years  but  they  also  impact 
on  labor  force  utilization,  as  colleges  and  universities  are  major  sources 
of  employment  especially  for  Ph.D.   scientists.     Slov/ing  enrollments  over 
the  next  decade  can  reasonably  be  expected  to  ndverscly  affect  employment 
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Table  2.3      POPULATION  IM  LAF.OR  FORCE  AGE  BPACKET 
BY  15  YEAR  ACE  GROUPS:     1960-1980,.  1985 


Year 

20-34 

_(Millions) 

X  of 
20-64 

35-49 

(Mlllicns) 

:  of 

20-64 

j  5C-64 
1  (Millions) 

Z  of 

20-64 

20-64 
Total 
Omiionfi) 

20-64  as 
t  of  Total 
(Populaticn) 

1960  .  . 

34.1 

36.1 

35.1  ■ 

37.1 

25.3 

26.8 

94.5 

52.3 

1961  .  . 

34.2 

35.9 

35.4 

37.1 

25.7 

27.0 

95.3 

51.9 

1962  .  . 

34.5 

35.8 

35.6 

37.0 

26.2 

27.2 

96.3 

51.6 

1963  •  • 

35.1 

36. 0 

35.7 

36.7 

26.6 

27.3 

97.4 

51.5 

1964  .  . 

35.7 

36.2 

35.8 

36.3 

27.1 

27.5 

96.6 

51.4 

1965  -  - 

36.2 

36.4 

35.8 

36.0 

27.5 

27.6 

99.5 

51.2 

1966  .  . 

36.8 

36.6 

35.8 

35.6 

28.0 

27.8 

100.6 

51.2 

1967  .  . 

38.4 

37.4 

35.8 

34.8 

2S.5 

27.8 

102.7 

51.7 

1968  .  . 

39.8 

38.1 

35. 7 

34.2 

23.9 

27.7 

104.4 

52.0 

1969  .  . 

41.2 

38.8 

35.5 

33.5 

29.4 

27.7 

106.1 

52.3 

1970  -  - 

42.5 

40.0 

35.3 

32.8 

29.8 

27.7 

107.6 

52.5 

1971  .  . 

43.9 

40.2 

35.1 

32.1 

30.3 

27.7 

109.3 

52.8 

1972  .  . 

45.4 

40.9 

34.9 

31.4 

30.8 

27.7 

111.1 

53.2 

1973  .  . 

46.9 

41.6 

34.8 

30.9 

31.1 

27.6 

112.8 

53.6 

1974  .  . 

48.5 

42.3 

34.7 

30.3 

31.5 

27.5 

114.7 

54.1 

1975  .  . 

50.1 

43.0 

34.6 

29.7 

31.7 

27.2 

116.4 

54.5 

1976  .  . 

51.7 

43.7 

34.7 

29.3 

32.0 

27.0 

118.4 

55.1 

1977  .  . 

53.2 

44.2 

35.0 

29.1 

32.2 

26.7 

120.4 

55.5 

1978  .  . 

54.4 

44.4 

35.7 

29.1 

32.4 

26.4 

122.5 

56.0 

1979  .  . 

55.7 

44.7 

36.3 

29.2 

32.5 

26.1 

124.5 

56.4 

1980  .  . 

57.1 

45.1 

36.7 

29.0 

32.7 

25.8 

126.5 

56.8 

1985  .  . 

60.3 

44.5 

42.8 

31.6 

32.3 

23.9 

135.4 

57.3 

SOURCE:     Bureau  of  che  Census,  DOC,  1960-73  daca:    "Estiz'-a.tcs  of  the  Population  of 

Che  United  States,  By  Age,  Sex,  ar.d  HjceJ    April  11,  1960  to  July  1,  1973," 
Current  Populi:lon  Report;;  Popul;s:lor>  rscir^rtt-^s  nnd  Projections  (Series 
P-25,  No.  519),  April  197'4. 


 ^  ,  1974-SO  data:    "Projections  of  the  Populactoa 

of  the  Unite-  States,  by  Age  and  1975  to  20C0,  with  Extension  of  Total 

Population  CO  2025,"  Current  PcpulatiTn  ?>cpor'. -.:  Population  £?;tit:,ite3  and 
Projections  (Scries  P-25,  No.  54"l>,  February  1975. 
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opportiiiilllor.  for  doc;t  oiMLfs  .in  tlic  ir.:!.r:d:i  nt  o  future.     Tlie  employment  as- 
pects are  furthfr  expJorcd  in  sub.ooqiiont  pages,  while  the  immediately  follow- 
ing discussJon  concpntrntcs  on  cduc;) t" ionnl  statistics,  exclusive  of  faculty. 

Co]  logo  Enrol  1  mrnf. 

College  enrolli.iL^nt  ?;,  cspc-c  in lly  a.'^  they  relate  to  total  population 
within  the  year  age  group,  serve  to  provide  indications  of  potential 

future  supply  of  scientist,'^  .tkI  ensinecrs.  Relevant  highlights  of  education 
projections  at  the  post-secondary  institution  level  include  the  following: 

College  enrollments   (graduate  and  undergraduate)  in  degree-credit 
programs  total  approximately  30  percent  of  the  18-2A  year  old  population 
(Figure  2. A).     This  proportion  has  steadily  increased  from  18  percent  in 
1955  through  the  early  1970's  and  then  leveled  off  at  the  present  rate.  It 
is  projected  to  remain  at  the  same  level  (31  percent)  through  the  mid  1980's, 
However,  the  National  Center  for  Education  Statistics  questions  whether  this 
assumption  will  really  hold  and  provides  alternative  projections  for  high 
and  low  enrollment  rates  (83). 
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Figure  2. A      COLLEGE  ENROLLEES  PER  100  18- 2A  YEAR  OLDS:  1960-1980 
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SOURCK:   19^jO-I973;  Diccst  of  I^Viuc.-^ '.-.onal  Statistics  I°74.  CE,  DHKW 
1  9T4-1  OSf';  CAk,ul.'>U"i  fro'.r;  rny.-clions       Ed-ica clonal 
Stotiytics.  OE,  DHE'.'.'  and  popuUtioa  projections,  C. 
Bureau  of  the  Crn.sus, 
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Undergraduare  degree-credit  enrollments  increased  steadily  to  47 
percent  of  the  18-21  year  old  population  in  the  mid  1970 's  and  similarly 
are  projected  to  remain  at  that  rate  for  the  next  decade.     The  rates  ex- 
pressed above  are  comparisons  between  enrollments  and  numbers  of  persons 
within  the  specified  age  group  (e.g.,   for  every  100  18-24  year  olds,  there 
are  31  persons  enrolled* in  college).     As  such  they  are  not  the  percentage 
of  the  specified  age  group  actually  enrolled  in  degree  programs.     A  survey 
of  a  sample  of  students  in  1973  (25)  revealed  that  for  all  students  16-34,  74 
percent  were  in  the  18  and  24  age  group,  and  an  additional  22  percent  were 
between  24  and  35. 

However,   even  if  the  proportion  of  the  population  which  is  en- 
rolled in  degree-credit  programs  remains  stable,   the  ratio  of  full-time  to 
part-time  students  is  expected  to  decrease  over  the  next  decade.     The  pro- 
jected increase  in  the  proportion  of  part-time  students  appears  to  occur  at 
the  undergraduate  level.     Part-time  undergraduate  degree-credit  enrollments 
decreased  from  28  percent  of  all  enrollments  in  1963  to  a  low  of  24  percent 
in  1965-68,   then  rose  steadily  to  29  percent  by  1973.     They  are  projected 

to  continue  to  increase  steadily  over  the  next  decade.     Graduate  part-time 

•k 

Students  are  projected  to  remain  at  about  64  percent   ,  a  level  they  have 
maintained  since  the  early  1960's.     (See  Tables  2.4  and  2.5). 

Thus  the  average  length  of  time  from  first  year  college  enroll- 
ment to  baccalaureate  can  be  expected  to  increase.     However,   time  lapses 
from  graduate  entry  to  doctorate  award  which  were  studied  by  NSF  in  1971- 
72  may  be  expected  to  remain  stable.     According  to  the  NSF  Science  Edt.ication 
Studies  Group  (83)  results,  an  average  of  six  years  from  graduate  entry  is 
spent  obtaining  a  doctorate  degree  in  most  science  and  engineering  fields. 
A  year  longer  is  average  for  Social  Science  (and  for  women  in  Agriculture, 
Natural  Sciences  and  Psychology).     These  results  contrast  with  the  three 
to  fniir  years  beyond  the  bachelor's  degree  usually  required  by  educational 


NCHS  dnta  for  undergraduate  and  graduate  degree  credit  enrollments  for  50 
states  and  D.C..     NSF,   Science  Education  Studies  Groups  data  for  graduate 
enrollments  which  covers  "aggregate  U.S.**  Including  Puerto  Rico  &  outlying 
U.S.  possessions,  shows  percentage  of  part-time  graduate  students  averaging 
approximately  54  percent. 
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Tabic  2.4      UTJDERGRADUATE  DFCREK-CREDIT 
ENROLLMENT:  19G0-1980 


(Thousands) 


Fall 

local 

Pa 

rc-tir:e 

Percerxc 

Full-Cinr*. 

Percent 

1960  .  .  . 

3.227 

904 

28,0 

2 

,323 

72,0 

1961  .  .  . 

3.474 

922 

26,5 

2 

,552 

73.5 

1962  .  .  . 

3,753 

1 

,028 

27,4 

2 

,725 

72,6 

1963  .  .  . 

3,974 

1 

,093 

27.5 

2 

,881 

72,5 

1964  .  .  . 

4,342 

1.145 

26,4 

3 

,196 

73.6 

1965  .  .  . 

4,829 

1 

,175 

24,3 

3 

,654 

75.7 

1966  .  .  . 

5,160 

1 

,220 

23.6 

3 

,?40 

76,4 

1967  .  .  . 

5,557 

1.318, 

23,7 

4 

,239 

76.3 

1968  .  .  . 

6,043 

1 

,443 

23.9 

4 

,600 

76.1 

1969  .  .  . 

6,529 

1 

,639 

25.1 

4 

,890 

74.9 

1970  .  .  . 

6,889 

1 

779 

25.8 

5 

,110 

74.2 

1971  .  .  . 

7,104 

1 

816 

25,6 

5 

289 

74.5 

1972  .  .  . 

7,199 

1 

946 

27.0 

5 

253 

73.0 

1973  .  .  . 

7,357 

2 

122 

28,7 

5, 

275 

71,3 

 PSLOJECTIONS  

1974  .  .  . 

7,419 

2, 

186  29.5 

5, 

233 

70.5 

1975  .  .  . 

7,502 

2, 

272 

30,3 

5, 

230 

69.7 

1976  .  .  . 

7,624 

2, 

370 

31,1 

5, 

254 

68.9 

1977  .  .  . 

7,762 

2, 

470 

31,8 

5, 

290 

68.2 

1978  .  .  . 

7,861 

2, 

566 

32,6 

5, 

295 

67.4 

1979  .  .  . 

7,902 

2, 

642 

33.4 

5, 

260 

66.6 

1980  .  .  . 

7,920 

2, 

713 

34.3 

CUAHGZ   

5, 

207 

65.7 

1960-65  . 

50 

30 

57 

1965-70  . 

43 

51 

40 

1970-75  . 

9 

28 

2 

1975-80  . 

6 

19 

1963-73  . 

86 

94 

83 

Note:    Data  are  for  50  states  and  the  District  of  Columbia  for  all  years. 


SOURCE:     Natlotwi  Center  for  Education  Statistics,  DM£W,  1960-62  data: 

Projections  of  rducjtlcn.->l  Statisc.lrs__to_ljg028I*  1971  edltior%  and 
1963-1980  data:  ^roJlemons  of  cfJ.;'c:a:iciMl  Sta  tig  tics  to  1933-84. 
1974  edition. 
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Table  2. 


5      GRADUATE  DEGREE-CREDIT  ENROLLMENT 
MASTER'S  DEGREE  OR  HIGHER:  1960-1980 


(Thousands) 


Fall 

Total 

Part-tire 

1 

Per:-;r,f:  1 

Full-tlse 

Percent 

1960  .  .  . 

356 

213 

59.8 

143 

40.2 

1961  .  .  . 

386 

224 

58.0 

162 

42.0 

1962  .  .  . 

Ull 

245 

58,1 

177 

41.9 

1963  .  .  . 

521 

333 

63.9 

188 

36.1 

1964  .  .  . 

608 

387 

63.7 

221 

36.3 

1965  .  .  • 

697 

UU\ 

63.3 

256 

36.7 

1966  .  .  . 

768 

483 

62.9 

285 

37.1 

1967  .  .  . 

849 

532 

62.7 

317 

37.3 

1968  .  .  . 

885 

548 

61.9 

337 

38.1 

1969  .  .  . 

955 

591 

61.9 

364 

38.1 

1970  .  .  . 

1,031 

652 

63.2 

379 

36.8 

1971  .  .  . 

1,012 

624 

61.7 

388 

38.3 

1972  -  .  , 

1,066 

673 

63.1 

393 

36.9 

1973  .  .  . 

1,123 

714 

63.6 

409 

36.4 

  PROJECTIONS   

1974  .  .  . 

1,141 

724  63.5 

417 

36.5 

1975  .  .  . 

1,163 

739 

63.5 

424 

36.5 

1976  .  .  . 

1,200 

763 

63.6 

437 

36.4 

1977  .  .  . 

1,232 

783 

63.6 

449 

36.4 

1978  .  .  . 

1,257 

800 

63.6 

457 

36.4 

1979  .  .  . 

1,273 

810 

63.6 

463 

36.4 

1980  .  .  . 

1,250 

822 

63.7 

468 

36.3 

CH-VNCE   

1960-65  . 

96 

  PEPXENT 

107 

79 

1965-70  . 

48 

48 

48 

1970-75  . 

13 

13 

12 

1975-80  . 

11 

11 

10 

1963-73  . 

116 

114 

U8 

Kote:    Data  are  for  50  states  and  the  District  of  tolunbla  for  all  years. 


SOORCE:    National  Center  for  Kducatlc^Q  Statistics.   a^KT^n .  1960-62  Ja.ta : 
Projections  of  Edu<:>i!:i'r.il  ?catlsclc5  ts  I^^^  ^1.  1971  edition 
and  1963-30  data:     Prc-^-rricns  of  Kducati^r.::!  Statistics  to  I933- 
84,  1974  edition. 
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r, 

instil)!^  ions.  The  evLoncled  time  quite  obviously  i.s  lavi^.cly  the  influence  rf 
j.thc  large  nurabcr  of  part-time  studentJ^  at  the  graduate  level. 

Enrol  1  men  t_s__  l^^  J[o id_  o_f_S  cjjon  r^e 

^  '       For  total  enrollment  at  all.  levels,   the  Bureau  of  Censuj::   (26)  sur- 

'^veys  conducted  in  19G6  and  1972  provide  inleresM'tic  coptr/.ist:; : 


Table  2.6      PERCENTAGE  OF  TOTAL  ENR0LU2:NT:     1966,  1972 


Math  & 

Physical  & 

Biology 

Social 

Year 

Statistics 

Earth  Sciences 

Enf  inr  "rinp, 

&  Health 

Sciences 

 «<:  

1966  ... 

3.9 

3.8 

10.0 

10.7 

1972  .  ,. ,  . 

2.9 

1.9 

4.3 

11.5 

11.5 

SOURCE:     Bureau  of  the  Census,  DOC,  "Social  and  Econorf.ic  Characteristics  of 
Students,"  Current  Population  Reports;  Population  Characteristics 
(Series  ^-20,  No.  260),  October  1972. 


In  these  surveys,   the  largest  increase  was  in  "other  fields  not  reported" 
which  grew  from  19  percent  to  33  percent. 

In  looking  at  the  statistics  on  enrollment  by  field  (and  in  subse- 
quent pages  on  degrees  granted)  we  will  be  examining  data  tabulated  by  the 
Science  Education  Studies  Group  (SESG)  of  NSF.     Although  similar  data  Is 
available  from  NCES  and  is  in  fact  the  source  for  the  NSF  data,   the  NSF 
categories  are  more  consistent  with  scientific  field  definitions  that  are 
-qsed   ';j^*ater  sections  of  this  report. 

Graduate  enrollment  for  advanced  degrees  in  science  and  engineering 
amount  to  just  under  one  third  of  all  such  enrollments.     The  proportion 
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appears  to  be  decreasing  and  dropped  from  33  percent  in  1968  to  28  per- 
cent in  1972.     Within  science  and  technology,  distributions  have  changed 
somewhat.    »  ^c*     ihe  same  period:     Physical  Sciences,  Engineering,  and  Mathe- 
matics   >lv;  ,  a  decreasing  proportion  of  enrollees  while  Computer  Sciences, 
Life  Sctences,  Social  Sciences,  and  Psychology  are  attracting  larger  pro- 
portions.    Records  for  first  year  graduate  enrollments  indicate  these 
trends  may  continue. 

Degrees  Granted 

The  supply  of  new  degree-holding  scientists  and  engineers  has 
been  followed  in  serial  data  from  NCES  for  several  decades.  Additional 
categorical  breakdowns  by  field  of  science  as  well  as  a  special  series  on 
doctoral  recipients  have  been  tabulated  by  NSF.     The  basic  data  (number  of 
degrees  granted  by  level  and  by  field  of  science  since  the  1950's)  appear 
more  meaningful  when  presented  as  proportions  of  total  populations. 

Both  the  NCES  and  the  NSF  tabulations  are  provided  in  Tables  2.11 
through  2.22  on  the  following  pages.     The  NSF  tabulations  provide  totals  by 
field  of  science  which  (as  with  enrollments)  are  consistent  with  the  fields 
of  science  used  in  the  subsequent  sections  of  this  report.     The  NCES  tabu- 
lations, however,   include  projections  to  1980  and  although  the  field  defi- 
nitions differ  somewhat,  are  presented  in  order  to  show  trends  over  a 
longer  period. 

Science  and  engineering  degrees  accounted  for  30  percent  of  all 
baccalaureate  degrees  in  1972,   the  lowest  proportion  since  1958.     The  pre 
portion  of  master's  degrees   in  science  and  engineering  dropped  from  a  high 
of  over  30  percent  in  1965  to  a  low  in  1972  of  about  21  percent.  Although 
science  and  engineering  degrees  make  up  a  much  larger  proportion  of  doctor's 
degrees,   55  percent  in  1972,   this  proportion  has  also  been  dropping  since 
1963. 

The  NCES  data  show  the  trend  in  decreasing  proportions  for  science 
and  engineering  master's  and  doctorVs  degrees  continuing  through  1980,  while 
bachelor's  degrees  in  science  and  engineering  remain  more  stable. 
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Table  2.7    TOTAL^  GRADUATE^  DEGREE-CREDIT  ENROLLMENT, 
BY  FIELD  OF  SCIENCE:  1965-1972 


(Thousands) 


Fall 

Total 

TotBl  Science 

ano 
En^^lnccrlns 

Sciences 

EnglneerlnK 

Conpiiter 

HflthCA/ittcfl 

1  i  tm 

Sciences 

Social 
Sciences 

Psycho  lor.y 

1963  .  .  . 

535.3 

195.3 

36.5 

57.5 

0.8 

20.2 

34.7 

30.0 

15.6 

1966  .  .  . 

583.0 

207.0  • 

38.0 

58.3 

2.0 

21.1 

37.0 

33.9 

16.7 

1^6/  .  .  . 

6ii9.7 

«0.^ 

62.6 

2.7 

22.3 

39.9 

37.3 

19.1 

1968  ,  .  . 

703.? 

-^0.9 

63.7 

3.9 

22.9 

M.7 

39.9 

21.6 

1969  .  .  . 

756.9 

2^3.7 

39.9 

65.0 

6.2 

23.0 

44.2 

42.7 

22.7 

1^70  .  .  . 

816.2 

252.2 

40.1 

6/i.8 

7.9 

22.7 

46.3 

45.0 

25.3 

1971  .  .  . 

636.3 

2/i6.l 

38.9 

59.3 

8.3 

20,5 

47.7 

44.6 

2h.l 

1972  .  .  . 

658.6 

2/.3.0 

36.0 

55.8 

8.8 

19.2 

49.1 

44.8 

29.2 

PERCENT  CIIANCE 

1965-70  . 

52 

29 

10 

13 

8B8 

12 

33 

50 

62 

1967-72  . 

'2 

8 

-11 

-11 

226 

-1^ 

23 

20 

53 

1 

I'urt-tliM  pluj  Full-tliMi 

2 

Ha'Jter's  degree  or  hlEher. 

SOURCE:  Nitlonal  SctcnM  roundatlon  co«pUation  ot  the  National  Center  for  Education  Stitlstlcj  Survey  p(  Students  Enrolled 
for  AJviinced  Degreefi,  annual  icrles. 
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Table  2.8    TOTAL  GUWhlP  DEGREE-CREDIT  ENROLLMENT, 
BY  FIELD  OF  SCIENCE:  1965-1972 


(Percent  Distribution) 


Enrollment  Field 


?ail 


1965      1966      1967      1968      1969      1970      1971  1972 


Total  Graduate  Enrolkents  .  . 
Science  i  Ensincering  ■  .  . 

36.5 

35.5 

34.6 

33.4 

100 

32.2 

30.9 

29.4 

28.3 

Total  Science  &  Engineering  . 

100 

Phy^icil  Sciences   

18.7 

18.4 

18.0 

17.4 

16.4 

15.9 

15.8 

14.8 

29.4 

28.2 

27.9 

27.1 

26.7 

25.7 

24.1 

23.0 

0.4 

1.0 

1.2 

1.7 

2.5 

i  1 

3.4 

3.6 

10.3 

10.2 

9.9 

9.8 

9.4 

9.0 

8.3 

7.9 

17.8 

17.9 

17.8 

17.8 

18.1 

18.4 

1;.4 

20,2 

Social  Sciences  •   

15.4 

16.4 

16.6 

17.0 

17.5 

17.3 

18.1 

18.4 

Psychology   

8.0 

8.1 

8.5 

9.2 

9.3 

10. C 

10.8 

12.0 

Master's  degrees  or  higher. 

SOURCE;  Market  Facts,  Inc.,  Center  for  Quantitative  Sciences.  Based  on  Table  2.7. 
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Table  2.9    PART-TIME  GRADUATE  DEGREE-CREDIT  ENROLLMENT, 
BY  FIELD  OF  SCIENCE:  1965-1972 


(Thousands) 


Total 

Total  Science 

and 

Physical 
Sciences 

Engineer  In]^ 

Computer 
Sciences 

Kuthenfltics 

Life 
Sciences 

Social 
Sciences 

PBycHolojiy 

1965  •  ,  .  . 

86.2 

12.9 

32.6 

0.3 

10.5 

11.6 

11.9 

6.3 

1966  .  .  .  . 

312.0 

02.7 

11.2 

31.4 

1.0 

10.0 

10.7 

12.4 

6.0 

1967  *  ,  ,  , 

3/18.6 

89. 1 

11.9 

33.6 

1,3 

10.9 

lh5 

13.1 

6.9 

1963  ,  .  .  . 

300,8 

92.9 

11.6 

33.9 

2.0 

11.4 

12.0 

U.3 

7.7 

1969  ,  .  .  . 

il5.9 

99.9 

12.1 

35.1 

3.4 

11.8 

13a 

15.8 

8.5 

1970  ,  ,  .  » 

102.3 

12.3 

33.2 

4.2 

'  11.2 

U.5 

17.4 

10.0 

1971  .  .  .  . 

4^7,8 

95.0 

11.2 

"  0 

4.5 

9.7 

14,9 

16,8 

10,0 

1972  ,  .  ,  . 

mA 

96.0 

10.  B 

1 

U 

9.2 

16.2 

17.7 

11.5 

 PERCENT  mm  

1965-70  .  . 

46 

19 

-5 

2 

1300 

7 

25 

46 

59 

1967-72  .  . 

35 

8 

- 

-9 

-23 

269 

-16 

41 

35 

67 

KaBtflc'a  dcgrcea  or  iilgh«r. 

source:  Hfltlonal  Science  Foundation  compilation  of  the  Notional  Center  for  Education  Statlstlcp  SurvoT  of  Studonta  Enrolled 
(or  Advnnccd  DeRrccPt  annual  series. 


Table  2.10    PART-TIME  GRADUATE  DEGREE-CREDIT  ENROLLMENT  AS  PERCENT  OF 
TOTAL  GRADUATE  ENROLLMENT,  BY  FIELD  OF  SCIENCE:  1965-1972 


(Percent) 


FiLl 

Total 

Total  Science 

and 
EtiglnccrlTig 

Physical 
ScLcnccB 

 m... 

Engineering 

m  

Computer 
ScicncoB 

 m) 

HathciMtics 

(100)  .  ._ ._ 

Life 
Sciences 

(IOC)  . 

Social 
Sciences 

Paycbloay 

m ,  . . 

')U 

35,3 

56.7 

37.5 

52.0 

31.4 

30.7 

40,4 

1966  .  .  , 

53.!) 

/.o.o 

29.5 

53.9 

50.0 

47.4 

2!).9 

')(t.6 

J5.9 

1967  ,  ,  . 

53.7 

39.7 

29.5 

53.7 

48.1 

48.9 

:?.3 

35.1 

35.1 

1968  ,  .  . 

54.1 

39.6 

20./i 

53.2 

51.3 

49.8 

2P.8 

3(i.8 

35.6 

I%9  .  ,  . 

54.9 

41.0 

10,3 

54.0 

54.8 

45.3 

29.6 

37. t» 

37.4 

m . . . 

54.3 

10.7 

51.2 

51.2 

4M 

31.3 

38.7 

39.5 

wi .  , . 

53.5 

38.6 

28.8 

47.2 

5'  2 

47.3 

31.2 

3;. 7 

37.5 

1972  .  .  . 

54.9 

39.5 

30.0 

46.2 

54.5 

W.9 

33. 'J 

39.5 

3P.4 

source;  Wirltet  F«ct«,  Inc.,  Cfnter  for  Quantltstlve  ScImms.  Based  on  Table  2.9. 


Table  2.11    EARNED  BACHELOR'S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1980 


1            3a<lil  Scl#nr»i 

Tiir 

PmI  Ini 

ToCil 

!icliretf 

Kii(ti««itlci 

Ccifntir 
Sdincii 

Cn|lnitrln| 

Totil 

Othif^ 
Soclil 
8i:t4ncii 

Mi  \Ay 

J0,46( 

23,060 

I6.OO; 

11,399 

]7|(79 

31,234 

8,041 

30,193 

IWI  .  ♦  . 

393  20) 

31.342 

22.793 

13,432 

13,097 

33,(98 

80,632 

8.460 

31,192 

i%l .  1 . 

33,(61 

23.240 

13.811 

14,370 

36.070 

66,332 

9.576 

56,934 

m) , , , 

414  (4I 

UK  in) 

37«892 

23,397 

16.217 

16.078 

34.972 

76.023 

10.993 

65,012 

192, MO 

6;,4e2 

29,401 

17.4)7 

18.624 

• 

37.014 

90,144 

13,I5« 

76,SB6 

m , , . 

SOI, 240 

207,409 

17.85J 

19,460 

17 

38,314 

99.240 

1^327 

8^.713 

m , . , 

2:0.31; 

7t,&27 

34.42n 

17.129 

19.977 

81 

37,  971 

110,723 

U.IU 

9).U'; 

[%) , , , 

76,297 

37,119 

17,739 

21.207 

222 

31.696 

124,414 

19.30] 

103.111  , 

. . . 

631,923 

^1(1  til 

S3.996 

40.644 

19.3(0 

23,513 

439 

40,341 

143,902 

23.768 

1!2.;34 

IHl  .  .  . 

313  209 

93,!76 

0.934 

21.«flO 

;7,J09 

933 

45,317 

172.616 

2V.:95 

U1.321 

Jll  iio 

ill, QiX 

99,7)U 

49.413 

21,319 

27,442 

1.344 

49,678 

190.395 

33.336 

IS't.llJS 

Wi  .  # 

839  JJO 

97.016 

4fi,4t3 

J1,4U 

24.901 

2.388 

50,046 

:03,9]1 

37,J?0 

168,051 

m . . . 

flO],4tO 

36!. BIO 

)0.S70 

20.400 

23.630 

3,370 

30,310 

217,230 

43, CEO 

i;4,150 

11/3*  .  ,  , 

3'J),;'lfl 

106, JBO 

53.030 

21.650 

25,4/0 

4.130 

49, 740 

238.770 

UfH 

l!i9.;S0 

A"'*    1  t  « 

9)?,DC0 

401,230 

107,360 

53,350 

21,400  23,SOO 

4,610 

47,180 

24A.690 

32, if) 

iH.:7o 

19J]  «  t  > 

9?5,0CO 

3D6,690 

loi.ito 

33,390 

 rnuiaiofts  > 

20,990  23,670 

3.06O 

39.970 

249.610 

34.6^0 

1?4.9?0 

19?6  .  •  , 

967,000 

390,600 

104,690 

34,070 

20,080 

23.190 

3,330 

36,180 

249,730 

56.320 

193.210 

H??  .  .  • 

»fl3.000 

]97.(;0 

103.(60 

S4,30O 

19,900 

23,420 

3,!40 

3),94Q 

236,070 

39,310 

196.340 

1971  .  ,  . 

10CM)00 

411.120 

107.370 

53,330 

19,930 

25,730 

t,360 

40.060 

2ft3.190 

62,910 

200.760 

m . . . 

1013,000 

418.^70 

107.(80 

33.350 

19.640 

23,710 

e,780 

43.130 

261,060 

65,640 

202,^20 

m . , . 

1029,000 

422.740 

1 

ICA,S70 

33,990 

19,670 

23.890 

7.320 

1 

44,840 

274,030 

68,780 

2':3,250 

29 

42 

]| 

40 

12  71 

2 

20 

80 

69 

3S 

84 

4] 

33 

19 

41 

U73 

Jl 

92 

131 

83 

»^HJ . . 

23 

17 

7 

12 

•2 

318 

-20 

11 

6) 

24 

1 

'  1 

A 

t 

1 

1 

43 

li 

10 

26 

3 

109 

IDA 

89 

2J 

39 

27 

174 

295 

133 

1 

BtolDiicil  Scltnci  »  A|fleuitwrt  tt4  Vituril  liKMrui. 

2 

Sxtil  tclinci  f  hbllc  Afftlri  4  StnrUM  *  lUrinr  kltKi. 
Itfttti  D«(i  C4vir  SO  flitii  in4  Dlitrlet  sf  C^liMli. 

SOUlCti  NitlMit  C«(iCir  for  Kducitloa  SliMititi,  WW.  1962-80  dtUi  Ffojt<tlo.ii  of  U^ttio^ti  >»Unici  H  mVM.  If74  f4itlM,  mi  196041 
Froj*cMM>i  of  g^uctdwl  XiitlHUHo  196»-81,  19 7|  i3lilMir^ 

ERIC 


Table  2.12    EARNED  BACHELOR'S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1972 


Totil  Science 
and 

Frio  1  iioflf  inn 

Natural  Sclencea 

Social  SciencM 

Acftdewlc  Yenr 

Frtdlni> 

Total 
All  UeUn 

Total 

Life 

Pbydcftl 

(iuLiiconiicn 

Contputer 
Sclcnc(^9 

Enitinccrlnf^ 

Total 

PoycboloRV 

Other 
Social 
Sciences 

l"''v  «  «  t  » 

1 nil 

120,937 

11,437 

37,808 

31,494 

8.111 

23,393 

lw\  *  1  t  , 

401,784 

121,660 

Zj,900 

15,500 

13,127 

35,866 

33,267 

8.524 

24,743 

uti  •  .  .  . 

127,469 

25,200 

15,894 

14,610 

34,735 

37,030 

9.638 

27,392 

l%5  •  .  «  ■ 

'♦50,592 

135,964 

60,198 

27,801 

16,276 

16,121 

33,458 

42,300 

11,062 

31,246 

1964  ,  ,  .  . 

502,104 

153,361 

67,815 

31,611 

17,527 

18,677 

- 

35,226 

50,320 

13,359 

36,961 

1965  ,  ,  .  . 

538,930 

164,936 

72,426 

34,842 

17,916 

19,581 

87 

36,795 

55,715 

14,721 

40,994 

l''f)6  ,  ,  ,  , 

555,fil) 

l/l,4n 

74,2J2 

3(i,8f)4 

17,llifi 

20,0^.1 

89 

35,815 

61,424 

U,072 

46,403 

1Q6;  .  .  .  , 

Wt,m 

187.849 

78J12 

39,408 

17,  m 

21,108 

222 

36,188 

72,929 

19,406 

53,433 

1968  ,  .  ,  , 

671  ,591 

212,174 

86,786 

43,260 

19,442 

23,625 

459 

37,614 

87,774 

23,972 

63,802 

1969  .  .  .  , 

769,683 

244,519 

98,56; 

48,713 

21,591 

27,330 

933 

41,553 

104,3'»9 

74,«i()4 

i9;o .... 

813,322 

264,122 

102,789 

•  52,129 

21,551 

27,565 

1,544 

44,772 

116,561 

33,834 

82,707 

1971  .... 

884,386 

271,176 

100,316 

51,461 

21,549 

24,918 

2,388 

45,387 

125,473 

3(1,]54 

87,319 

vm .... 

937,884 

281,228 

101,621 

53,484 

20,887  23,848 
—  PERCENT  OtANGE  - 

3,402 

46,003 

133,604 

43,421 

90,183 

1960-65  .  . 

36 

36 

40 

44 

12  71 

1 

-3 

77 

81 

75 

1965W0  .  . 

55 

60 

42 

50 

20 

41 

1675 

22 

109 

130 

102 

1962-72  .  . 

123 

121 

82 

112 

31 

63 

1 

32 



261 

351 

229 

Notei  Data  cover  cRurcpata  U.S.A.,  including  outlying  tarrltorlea  (Puerto  Rico,  Virgin  lalanda.  etc.). 

SOIfRCEt  Miml  Science  Foundation  compilation  of  data  froia  the  National  Center  for  Education  Statlstlca  Annual  Survey,  Earned  Degrpefl  Conferred. 


Table  2.13    EARNED  BACHELOR^S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1980 


(Percent  Distribution) 


Field  of  Science 


Acndcnlc  Vear  EndlnR. 


1960  1961  1962  1963  196^  1965  1966  1%;  1!)6S  1969  1970  1971  1972  i9?3  1974  1975  1976  1977  197B  1979  1980 


All  Fldd!i,  Totil  .  . 

Totnl  SiE    .  .  * 

Kfltural  Science  . 

[tiginecring    .  . 

Snclfil  Sclcnccfl  . 


37.6  3;.4  60.3  A0.6  U.3  hLk  /|2.3  «.9  ^.2.8  A3.1  -i2.9  <2.0  U.ft  A1.3  U.l  «0.7  ^0.4  40.5  40.9  41.2  41.6 

13.0  13.0  13.6  13.9  14.0  13.9  13.8  13.7  13.3  13.1  12.6  11.6  11.1  11.1  ll.O  11.0  10.8  10.7  10.7  lU  10.6 

9.7  9.0  9.3    8,4  7.9  7,7  7.3  6.9  6.4  6.2  6.3  6.0  5.7  5.1  4.8  4.1  3.7  3.7  4.0  4.2  4.4 

15.0  15.3  17.2  10.3  19.3  19.8  21.3  22.3  23.1  23.7  24.1  24.5  24.6  25.0  25.2  25.6  25.8  26.0  26.2  26.4  26.6 


Science  4  Engineering,  Total  .r 


■IDO- 


life  Sciences  .  . 
Phy?!crtl  SclcnccB 
Knthcrnjticfl  .  .  . 
Computer  Sciencefl 
Engineerlnp,  .  . 
PgycholoRy  .  .  . 
Scciel  Sciences  . 


|l5.B  15.4  14.9  15.2  15.3  15.5  15.6  15.5  15.0  14.6  14.5  13.7  13.9  14.0  13.8  14.0  13.8  13.7  13.5  13.2  13.1 

10.9  10.5  10.1  9.6  9.1  0*6  7.8  7.4  7.2    6.8  6.3  6.1  5.6  5.5    5.3  5.3  5,1  5.0  4.8  4.7  4.6 

7.8  8.9    9.3  9.5  9.7  9.4  9.1  6.9  fl.7    8.7  8.1  7.0  6.5  ^  '    6.4  6.5  6.4  6.4  6.3  6.1  6.1 

  0,2    0.3  0.5  0.7  0.9  1.0    1.1  1.3  1.4  1.5  1.6  1,6  1.7 

25.7  24.2  23.1  20.7  19.2  18.6  17.2  16.J  15.0  14.5  14.6  14.2  13.8  12.4  U.8  10.1  9.3  9.0  9.7  10.3  10.5 

5.5  5.7   6.1  6.3  6.9  7.0  7.6  8.1,  8.8    9.3  9.9  lOJ  U.8  12.4  13.1  13.8  14.5  15.0  15.3  15.7  16.1 

34.3  35,3  36.4  38,5  39.9  40.8  42.6  43,9  45.2  45.7  46.2  47.6  47.6  48.2  48.4  49.1  49.5  49.4  48,3  46.3  48.0 


SOURCE:  Knrket  FactB,  Inc.,  Center  for  {jMntllitive  Sciences.  Baeed  on  Table  2.U. 


Table  2.14 


EARNED  BACHELOR'S  DEGREES  IN  SCIENCE  AND  FNGINEERING:  1960-1972 
(Percent  Distribution) 


Acndciic  Ytiir  Endlnj; 


Field  of  Science 

1960 

1961 

1962 

1963 

196^ 

m 

1966 

1967 

1968 

1969 

1970 

1^71 

1972 

All  Fields.  Totfll   

inn 

Total  M  

30.6 

30.3 

30.3 

30,2 

30.5 

10,6 

31.2 

3l.fi 

31.6 

31.8 

31.7 

30.7 

30.0 

Natural  Science  .  »   

13.1 

13,1 

13.2 

\U 

13.5 

13. (f 

\U 

13.2 

12.9 

12.fi 

12.3 

n.3 

10,8 

!!iij;lnccrlf)g  

8.9 

fi.3 

7.0 

'.,8 

6.1 

5.6 

5.4 

5,4 

5.1 

4.9 

Sot'lrtl  Si'lniocii  

9,0 

H.l 

H.B 

m.o 

1(1. 1 

11.4 

12.) 

n.i 

13.6 

14.0 

14.2 

!icl<Mtco    Cnpjnrerlng,  Totfll  .  . 

100 

Mfo  St'lcnrrj!  

20.0 

19.6 

!9,fl 

20./. 

20.6 

21.1 

2L3 

21.0 

20.4 

19.1 

I'll 

19,0 

19.0 

rhystral  Sclonccfl   

13J 

12,7 

12,3 

12.0 

11,4 

10.9 

9.9 

9.5 

9.2 

8.8 

L2 

7,9  • 

7,4 

Hithmillr}!  

Ifl.B 

11.:; 

11.9 

12.2 

11,9 

n.6 

11.3 

11.1 

11.^ 

10,4 

^2 

OTipitor  ScIpmcpH  

O.l 

0.2 

0.4 

O.f. 

0.9 

1.2 

Eiifjlnncrli^n  

31.3 

29.3 

27.2 

2/u6 

23.0 

22,3 

20.6 

19.3 

17,7 

n.o 

17.0 

16.7 

Pflyr'iolofjy  ,  

6.; 

?.o 

7.6 

8,1 

8.7 

8.9 

9.6 

10.4 

11.3 

12.1 

12.8 

li.l 

13.4 

Soctal  Sciences   

19.3 

20.3 

21.5 

23.0 

1L\ 

24.9 

20,7 

28.4 

30.1 

30,6 

31.3 

32.2 

32.1 

SOURC!-!  H.irl(Pt  Fnctn,  Inc.,  Ccntftr  for  Quuntltntlve  Sclenci?s.  Bnflcd  on  ToMfi  Z.12. 


Table  2.15    EARNED  MASTER'S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1980 


Haturil  ScifflCti 

SbcIiI  UUw^fM 

k»itwk  hit 

All  T\r\i$ 

Totil  ScImcI 

rjif.lnperltig 

fhyileil 

1(4  thru  (1  CI 

!>clfnc«l 

IfljtlMirlnj^ 

Totil 

FirchflloAr 

SoeUI  SrUnfrtf 

m  

n,3n 

3,7(11 

3,376 

1,797 

- 

7,159 

1,606 

5,965 

m  

,135 

9,911 

3.9r>D 

3,790 

2,111 

- 

M7II 

8,0?7 

1,719 

6,178 

m  

]2p932 

lft.916 

*,)f'3 

3,911 

2,6R0 

• 

«,95) 

13,023 

1,JI12 

U,I9! 

m  

11.9)/ 

6,522 

6,)15 

3,170 

- 

9,666 

16,725 

1,9|A 

12,P07 

m  

105,551 

tO,5M 

13,15« 

4>9M 

'  *,5''5 

3,625 

- 

10,637 

16,546 

2,059 

16,;«7 

iwj  .  .  ,  .  , 

1W,I5I 

45,in6 

MJ97 

5,293 

^9(lf» 

6,nh 

12,093 

l%69< 

2,1117 

K,5()9 

m  

140.W8 

52,271 

16,013 

6,267 

4,977 

6,769 

U,717 

22,541 

2.423 

20,l!ll 

\%i  

5flj01 

17,791 

7,115 

5.605 

3,I7« 

13,9H6 

25.919 

2,P9P 

31.021 

iw.fl  

62,611 

l«,76fi 

7,7*0 

5,699 

5,527 

1S,2<7 

2»,39(l 

1,317 

35,161 

lu^  

7ft,(l>9 

fl.219 

5,M5 

5.711 

1.012 

15,172 

12,169 

],7K» 

2fi.'i)3 

[V(\  

71.(127 

7,917 

^,Mfl 

1,^59 

15,77) 

n.ii7n 

1,151 

77, 9;^ 

m  

2Vi,5lli 

?i  111 

(J,  Ml 

M«5 

6,.U.7 

*,  ttt 

1  Jftfl 

1^.6*1 

37 ,200 

4  /ill 

V.J/.? 

m  

250,lini) 

2J,%0 

0,Hi) 

G,ir.o 

1,(1MJ 

K>,6'iO 

6U,M0 

5,  I'm 

i^})  

2^f,i  j()0 

77,(riO 

A,ltM) 

6,0fli) 

^.710 

1^670 

61,720 

5,410 

1M10 

(lilt 

?jn  inn 

(1)  570 

7:,7/n 

9,200 

ft,lf>0 

5, MO 

2,000 

If)  640 

64,160 

)\470 

m  

2),22fl 

9,*in 

6,210 

5,510 

2,OR0 

'  16,1100 

65,tl60 

),B70 

n.990 



?M,>De  ■  ■ 

b;.c4o 

21,190 

9,51« 

6,170 

5,55f» 

2,I6[) 

I6,7fi0 

4^,67D 

5,960 

40,P90 

J9;j  

011,970 

73,790 

»,71fl 

6,210 

5,660 

2,210 

I6,9^i0 

49,240 

6,no 

42.110 

m  

3M,60O 

91,100 

24,2iO 

9,91(1 

1^,270 

5,/6D 

2,310 

17,160 

69,690 

6,290 

m  

]0\700 

92,930 

26,620 

JO.ODO 

6,300 

5,(120 

7,m 

17,350 

50,9RO 

4^,5!0 

l^^n  /.  .  ,  , 

1 

9*,300 

24,A50 

10,lltO 

6,^00 

5,1170 

2,500 

17,400 

51,950 

(,519 

45.470 

nthhi  , , , 

»  I 

9J 

6) 

6] 

«5 

139 

69  [ 

56 

177 

l%J-70  . . . 

56 

66 

51 

21 

3* 

10 

ei 

111 

Bl 

niD-M  . . , 

22 

to 

IB 

5 

-2 

6] 

7 

13 

68 

14 

isn-iio  . . . 

12 

10 

7 

1 

7 

20 

6 

11 

11 

14 

, . . 

t 

,  ,  I 

1 

ID6 

}) 

65 

35 

49 

53 

167 

176 

166 

• 

KfS  fMlutfi, 

I 

Rliloitteiil  IcImci  ^  Airlwltvri  MimirctAi 

2 

$n<\hl  Sct«i(i  k  mi<  KtUiH  6  Uttitu  6  iihtnif  IcliftCl. 
Koiit  Ditu  rovfr  50  Muti  md  Dlitrlct  92  Colw*hlii. 

mm\  H«titKw:  crtinr  u  p^whIm  stmi«i«»,  oow,  i'6J'(io<i«r«i  rtoitttiwi  of  gdMciMoj»iij_tf*|»||tt,i«.i9y;'B4 ,  iv6 .fM  mwi  (i»ui 

rr»VcclMi  of  Mucitlwil  StPtlttlci  to  19M,  1971  frfUlofl.' 


Table  2.16    EARUED  MASTER'S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1972 


Total  Science 
and 

Engineering 

Natural  Sciences 

Sodnl  Sciences 

Acfldenic  Ye/ir 

Total 
All  Fields 

Total 

life 
Sciences 

PliVfilf  nl 

Sciences 

Hnthemnikfl 

Sciences 

EnglneerlnR 

Total 

P;?ychology 

utncr 
Socifll  Sciences 

1960  .  ,  ,  , 

74,49? 

20,012 

8,903 

3,751 

3,387 

1,765 

- 

7,159 

3,950 

1,406 

2.544 

1961  .  ,  .  , 

78,269 

22,7B6 

10,122 

4pOa5 

3,799 

2,238 

- 

8,178 

4,486 

1,719 

2,767 

1962  .... 

25,1^6 

11,281 

4,672 

3,929 

2,680 

- 

8,909 

4,956 

1,832 

3,124 

196)  .... 

9ip418 

27,367 

12,173 

4,718 

4,132 

3,323 

- 

9,635 

5,559 

1,918 

3,641 

m  , , . . 

101,122 

30,271 

13,527 

5,357 

4,567 

3,603 

- 

10,827 

5,9U 

2,059 

3.858 

\%'} .... 

33,B15 

\\m 

5,9/8 

4,918 

/i,l48 

146 

l?,f)56 

2,241 

4,148 

.... 

IM),;?2 

18.i)R3 

]f>.6Ml 

1666 

4,n<i2 

4,?;? 

238 

11,678 

7,717 

^.;(i7 

m  . , , . 

157, H92 

M,8()0 

l«,610 

7,465 

5,412 

5,21i4 

449 

13,HH5 

3,13B 

6,167 

m  , . . , 

Vim 

^5,425 

19,904 

8,315 

5,508 

5,533 

548 

15,188 

10,31] 

3, '.82 

6,BM 

19fi!l  . , , . 

19/., /.K 

A8/.25 

21,453 

8,B09 

5,911 

5,723 

1,012 

15,243 

11,727 

4,013 

7,714 

19/0  . ,  . . 

209,;i|i? 

21.638 

,B,590 

5,948 

5,6^.8 

1,459 

15,59/ 

12,076 

4,120 

7.956 

1^71  .  ,  ,  , 

231,iill6 

50,624 

-!1,495 

8,320 

6,386 

5,201 

1,5811 

16,347 

12,782 

4,438 

8,344 

1972  ,  ,  ,  , 

252,774 

53,567 

22,407 

8,914 

6,307 

5,209 

1,977 

16,802 

14,3^8 

5,291 

9,065 

 mem  CllAHCE  — 

1960-65  ,  . 

51 

69 

71 

59 

45  135 

68 

67 

59 

71 

1965-70  ,  , 

B7 

46 

42 

44 

21 

36 

899 

29 

83 

84 

S3 

1962-?2  ,  , 

198 

113 

99 

91 

61 

94 

89 

190 

189 

•  190 

Note:  Dnta  cover  onf.regate  U.S.A.,  including  outlying  terrltorieB  (Puerto  Rico,  Virgin  laUnds,  etc.). 

SOURCE;  Kfltionfll  Science  Foundntlon  compll/ition  of  data  frow  the  rintloiwl  Center  for  Education  StatiHtics  Annual  Survey,  Earned  DoRrees  Conferred. 
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Table  2.17    EARNED  MER^S  DEGREES  IN  SCIENCE  AND  mNEERING:  1960-1980 

(Percent  Distribution) 


rifid  or  5ci<t)Cf_ 


\m   m   i%i   hbi   m   v^'-}         ivf.^   m        1"?^ '  ^^^3   ^^'^        ^^^^        ^'^'^  ^^^'^ 


30.1 

33.2 

3J.2 

31.1 

39.4 

311.6 

3;.  2 

37.2 

31.4 

Ji.3 

33,9 

32.5 

31.6 

31.3 

30,9 

30,7 

30.6 

30.4 

30.3 

30.2 

30.1 

Hituril  ?klciw«  

11.* 

IZ.2 

12.4 

n.3 

12.3 

12,3 

11.4 

11.3 

10.6 

10.6 

10.1 

9.3 

U 

fl.6 

6.4 

11.3 

U 

B.l 

6.1 

0,0 

7.9 

to.o 

10.1 

10.1 

10.3 

10.3 

U 

11.9 

8,6 

7.9 

7.i 

7.1 

u 

6.4 

6.2 

4.0 

>,9 

3.11 

3.7 

3.6 

3.6 

1.5 

?.? 

14.1 

13.ii 

15.; 

16.0 

16,0 

16,4 

16.2 

16.6 

H.3 
-  100  = 

16.1 

16.2 

16J 

10.3 

U.4 

16.3 

If.) 

16.) 

16.6 

16.6 

n.5 

t5.1 

13.2 

12.4 

12.3 

11.7 

12.0 

IM 

12.4 

12.0 

11.3 

10.9 

11.1 

U.O 

11.0 

11.0 

1C.9 

10.9 

10.9 

10,11 

10.0 

rii/Or«l  ScIhcm  

14.4 

11.3 

n.2 

10.9 

9.3 

9.2 

S.S 

0.6 

8.4 

S.3 

7.S 

7.6 

7.4 

7,2 

7.1 

7.0 

5,9 

6.9 

6,7 

HaDiwUm  ,..»..!. 

1.5 

9,3 

B.l 

?.l 

!,3 

f.t 

9.0 

R.B 

fl.4 

S.O 

6.t 

6.6 

i^ 

6.) 

6.4 

6.4 

6.3 

6.3 

6,3 

6.2 

1.3 

2.1 

Z.l 

2.3 

2.4 

2.4 

2.3 

7.3 

2.6 

U 

2.7 

Ccfpitef  SiiiftM"  1  •  •  •  • 

fB^ln^^'flflU  

M,! 

111 

26.6 

26.a 

I6.a 

26.2 

)3.9 

^h^ 

22.) 

12.3 

21.9 

21.0 

20.3 

19.9 

19.6 

11.3 

19,0 

11.5 

18.7 

ii.i 

Nfchi'loBif  

6.0 

6.3 

U 

3.3 

3.1 

4.e 

4.6 

4.9 

3.2 

).) 

3.6 

3.9 

6.7 

6.7 

6.0 

6.(1 

6.9 

6.9 

6.9 

6.9 

6.9 

itocl^l  SdcwH  

23.3 

2^.3 

34,0 

33.1 

33.J 

36.3 

3fl.) 

39.2 

40.) 

41.6 

42.4 

43.7 

44.3 

43.3 

46.0 

46.6 

47.0 

47.3 

47,6 

47.9 

40.2 

,  Cwtfr  l9t  QuifttlUtlM  ScliflCii.  B*i^i  ^  Tiblf  2.13, 
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Table  2.18    EARNED  MASTER'S  DEGREES  IN  SCIENCE  AND  ENGINEERING:  1960-1972 


(Percent  Distribution) 


Acmlcnlc  Year  Ending 

Field  of  Science 

1960 

1961 

1962 

1963 

1964 

1905 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

All  Fields,  Toul  

Total  SiE   

26.9 

29.1 

29.6 

29.9 

29,9 

30.2 

27.1 

26.5 

25.6 

24.9 

23.6 

21.9 

21.2 

tlntural  Science  

12.0 

12.9 

13.3 

13.3 

13.4 

13,5 

11.8 

ll.B 

11.2 

11.0 

10,3 

9.3 

8.9 

Englnci^rlnj;  

9.6 

10.« 

10.5 

in,  5 

10.7 

10.7 

9.7 

8.B 

8.6 

7.8 

7.4 

7.1 

6.6 

Soclnl  Sflciu'T.  

5.3 

5.7 

5.B 

6.1 

5.9 

5.9 

5.5 

5.9 

5.8 

6.0 

5.8 

5.5 

5.7 

Science  h  Enpjncnlng,  Total  .  . 

-100- 

Life  Sclencea   

18.; 

17.9 

18.6 

17.2 

17.7 

17,7 

17.5 

17.9 

16.3 

18.2 

17.4 

16.4 

16.6 

Phyflical  Sciences   

16.9 

16.7 

15.6 

15.1 

15.1 

14.5 

13.1 

12.9 

12.1 

12.2 

12.1 

12.6 

11.8 

H^thcomtlcs   

e.8 

9.8 

10.7 

12.1 

U.9 

12.3 

12.5 

12.6 

12.2 

11.8 

11.4 

10.3 

9.7 

Computer  SclenccB   

G.4 

0.6 

1.1 

1.2 

2.1 

3.0 

3.1 

3.7 

Englnecrln;;  

35.8 

35.9 

35./. 

35.2 

35.8 

35.6 

35.9 

33.2 

33.4 

31,5 

31.6 

32,3 

31.4 

Psychology  .  .   

7.0 

7.5 

7.3 

7.0 

6.8 

6.6 

6.6 

7.5 

7.7 

8.3 

8.4 

8.8 

9.9 

Social  Sclencea   

12,7 

12.1 

12.4 

13.3 

12.7 

12.9 

13.7 

14,8 

15.1 

15.9 

16.1 

16.5 

16.5 

SOURCE:  Market  Facta,  Inc.,  Center  for  Quantitative  Sciences.  Based  on  Table  2.16. 


76 

ERIC 


Taijie  2.39     j:a^^::ki)  ])C)Ci'OuV.  D]:(;i:r.i::;  jn  r>n\'MCK  a::d  vM^iHi'SM'nic:  i960-]9ao 


11 

.t ur^  1  3c  Ir nc<  « 

 Enj^a^  

 AM 

Total  'v:  « 
r     1   *  ■ 



f  •-■•-1  , 



_T.n;i|  

2 

I960   

9,!29 

J. 

1.^61 

1  ,? -S 

vo 

78^ 

1,923 

64  t 

i.:82 

19CI  

in.57> 

J.*»''l 

1,^5^. 

3i4 

94  3 

2.07? 

T0.\ 

l.Ti** 

n67  

11.^:2 

7.  7.15 

4.4]: 

I.T14 

I.U6 

;,o<?7 

Ml 

1.316 

196)  

i:,!:: 

!,  ».T) 

fc.377 

2.C07 

,\>o 

490 

1,335 

:,347 

fl4i 

1 .50  3 

1964  

l».49fJ 

9, 

5.34  4 

2.29J 

:.i55 

596 

1,705 

2."  ■ 

0)9 

i.7:fl 

n*^  

16, M  7 

11,011 

6. 102 

2 , 

r.  !;9 

632  6 

3,133 

2 .776 

1,91/ 

\H^  

18.:J7 

i:,io) 

6.M9 

:.9i] 

7«2  19 

2,115 

3.129 

1.037 

2 

1967   

20,617 

13. 

7,  jia 

1.026 

9]:  J8 

2,619 

3.641 

1,190 

2.451 

1968   

2J.C89 

15,0'>7 

S.I'^O 

J.  524 

3.5?] 

947 

2.133 

4,004 

1.237 

;.?77 

1969   

2^.19« 

1 6 ,  7 

1.957 

J.?J7 

l.'<)7  64 

3.391 

4.591 

1.5"8 

3,091 

1970   

29.566 

19.07: 

9.948 

4.:91 

4.ii: 

l,3J6  107 

3,(91 

5,3*11 

1.620 

3,761 

1971  

j:, in; 

19, PS^ 

10. iifl 

i ,  731 

4 .  JT^ 

5  80: 

1.7^2 

4.020 

'VJ  

) ) . ) JO 

20,060 

10,010 

'  .*.:o 

4  . T 

1,130  170 

3.660 

6,390 

1.580 

4.510 

197)'  .... 

3*  .1^ 

20.100 

io,i:i 

*,5J0 

J 30 

l.OiO  220 

4X30 

i974«     .    -  .  - 

19,420 

9,490 

4 .  inn 

4  _  iT 

1 .COO              2  70 

3*320 

4  /^4n 

1975   

I?. 750 

9.  11^0 

 PKjDJECTIOriS  

Q70  340 

3. 340 

7  04C 

:.150 

4,(|'?'> 

1976   

36 . 900 

^.920 

3  3  30 

7  8 10 

5.270 

1977   

)9.;co 

21.420 

JO. 060 

4.*.ai) 

J.?'.o 

8fiO  500 

2,940 

8,440 

7.^30 

5.610 

197»  

40. ICO 

21.7*0 

10.140 

4.7  JO 

810  HO 

?,980 

8,640 

2.940 

5.;oo 

1979   

*o,:oo 

2i,!;o 

10, 170 

4. 750 

4.0iO 

i'in  4'»o 

2,9^0 

8,670 

;.95o 

5. TO 

19!»0  

41.200 

2:  .if.o 

10.4)0 

4  .  ^7U 

4.  no 

9:o  ic-o 

3.0AO 

8,890 

3.010 

5  .8«.0 

-  -  rtncr.r;  r.y,yir.i  .  

l«60-<5     .  -  . 

6R 

60 

5fc 

54 

125 

171 

44 

31 

51 

lWI-70     .  .  . 

91 

73 

6) 

66 

HI  16R3 

73 

94 

91 

94 

1970-75     -  .  . 

17 

4 

-1 

-11 

-22  2in 

-10 

31 

3} 

10 

197i-»<0     .   .  . 

Ifi 

1] 

11 

15 

8 

-5  *y 

-« 

26 

41 

20 

llhi-H.  ... 

1)3 

100 

78 

s: 

^5 

6fl 

95 

147 

no 

:62 

f 

NCtS  »<T iKir '5 

1 

llolufltral  Sell 

n.-»  •  Aj:rtcu!t 

■       •  ".ir  it*!  ». 

7 

SoctJl  c 

•   PyM  ic  *f  fill 

!  tnc* . 

•iotm-     OKI   r'vuT   SO  '-'.^t^t  1 

?oi;sf:f:r         -  ■^ 

.  .O.I  19^.->.*1  d*:y 

1 7 

38 


Table  2.20    EARNED  DOCTOR'S  DEGREES  IN  SCIENCE  AND  ENGINEERING.:  1960-1972 


Academic  Y«r 

Ending 

All 
Ml  Fleldfi 

Total  Science 

1                    Natural  Science 

Soci.il  Sciences 

Engineering 

Total 

Life 
Sciences 

Physical 
Sciences 

Hachcmatlcfl 

Computer 
Sciences 

Eni^lneerlnR 

Total 

Other 

JUCJfH  oCieuCEB 

ma  

1  9,829 

t 

6,056 

3,708 

1,647 

1,838 

303 

785 

1,482 

641 

1961  .... 

1 

j  10,375 

i 

6,531 

3,981 

1,646 

1,991 

344 

943 

I  607 

701 

1962  .... 

7,2^9 

4,322 

1,804 

2,122 

396 

1,207 

1  72(1 

7R1 

1%]  .... 

12,822 

8,055 

'..778 

1,908 

2,300 

490 

- 

1,378 

1,899 

844 

1,055 

1964  .  .  ,  . 

9,025 

5,232 

2,lfll 

2,455 

596 

1  inn 

010 

1,161 

l%5  .... 

10,252 

5,991 

2,474 

2,829 

682 

u 

2,124 

fl',7 

1  ion 

.... 

ia,239 

11,298 

6,542 

2,696 

3,045 

782 

19 

2,304 

2,452 

1,0^6 

1,406 

\%1  .... 

20,()?l 

12,750 

7,232 

2,«)00 

3,4^2 

81? 

38 

2,fil4 

2, on 

1,731 

1,682 

rm  .... 

23,(191 

U,12d 

8,021 

3,445 

3,593 

947 

36 

2,932 

3,175 

1,268 

1,907 

1969  .... 

26,189 

15,839 

8,799 

3,779 

3,859 

1,097 

64 

3,377 

3,663 

1,551 

2,112 

1970  ,  .  ,  , 

29,B72 

17.639 

9,787 

4,131 

4,313 

1,236 

107 

3,681 

4,17] 

1,668 

2.503 

l')71  .... 

32, m 

18,/.f)6 

10.252 

4,534 

4,391 

1,199 

128 

3,654 

4,560 

1,762 

2,778 

1972  .... 

31,369 

( 

1I!,M2 

9,876 

4,470 

4,103 

1,128 

167 

3,704 

4,832 

1,081 

2/151 

 mm  CHANCE  — 

1960-65  .  . 

68 

69 

58 

50 

54  125 

170 

44 

32 

53 

1965-70  .  . 

61 

72 

63 

67 

52 

181 

1683 

73 

95 

97 

94 

1962-72  .  . 

187 

154 

129 

148 

93 

186 

207 

IP.l 

141 

214 

lJot«;  Data  cover  aggregate  U.S.A.,  Including  outlying  territories  (Puerto  Rico,  Virgin  lelands,  etc.). 

SOURCE:  Nationa'l  Science  Foundation  compilation  of  data  from  the  National  Center  for  Education  •trlstici  Annual  Survey, 
Earned  Dep.rcoa  Conferred. 


Table  2.21    EARJiED  DOCTOR'S  DECREES  IN  SCIENCE  AND  ENGINEERING:  1950-1S30 

(Porrent  Distribution) 


I  VnUlf  Tn- Nl-',  


64,9 

M,4 

61.' 

(,0.2 

59.7 

V,6 

57.1 

5^6 

5*.] 

5i.3 

IM 

V.l 

V.J 

l'^7 

V,) 

V,) 

.Vi,n 

3*).  7 

:».7 

7''..9 

7!,1 

:3.) 

11.1 

1].0 

V,l 

i:.7 

17.9 

11.} 

II, n 

9,9 

9.0 

J. 5 

7.'. 

'-  1  ;  !;  h.ff*  . 

1 

IMJ 

1?.: 

V.l 

II. 7 

17.] 

]r,.o 

ir.i 

11.7 

19.t 

P.f. 

M.? 

71,7 

',■  »'  \  h^lrrrln;;, 

 101- 

'Ifi*     lc;irf^    .  ,  . 

?t.J 

71.2 

?;.2 

n.7 

7?.ft 

71. B 

71.!j 

77, t 

71,3 

71,) 

:i.3 

7!.« 

ii.r 

21. fl 

lli.ril..t|  1'  l^'rn  . 

1 

35J 

72,fl 

?3.7 

7M 

20,4 

20. « 

19.3 

17.7 

ia.6 

;.i5 

111.5 

13«^ 

Kit'.  -I'iot  .  .  .  , 

fi.) 

&.) 

6.i 

f>/l 

<I.O 

5.1 

^.9 

4> 

^.1 

A.l 

r<i\  n  , 

0.? 

0,) 

0.7 

n.5 

0.6 

0,1 

\,\ 

1.7 

l.O 

2,^ 

r.Mtl  iiTi  t  ;    ,  ,  .  . 

17.1 

1].5 

16.1 

15.1 

1«.2 

70»0 

IM 

1B,7 

lft,7 

17.1 

!^,^ 

15,1 

1',: 

;,V7 

!).! 

11.7 

r»»r  1  )!'•)».      ,  ,  , 

I'J.l 

1.1 

7.fi 

IIJ 

r.7 

1.0 

9.4 

in,i 

10.1 

12,1 

11  ^ 

11.'. 

ft  Ifirrn    .  , 

1'..; 

1?.^ 

17,6 

j;.3 

\U 

in;* 

1^.(1 

70,1 

23,5 

7^9 

71.9 

:5.D 

7:s2 

•■.7 

76,7 

Wr.l.  ]Ut\fl  brlK,  Inc,  '.fhtff  'nr  Quint!lAtIv«  >lrn<M,  fjiH  on  TAhl#  2.1^ 


Table  2.22    EARNED  DOCTOR'S  DEGREES  IK  SCIENCE  MD  ENGINI^ERING:  1960-1972 

(Percent  Distribution) 


ACddmlc  y«nr  End  inn 


Field  'f  Science 

1960 

1961 

mi 

1963 

1964 

1965 

1966 

mj 

1969 

1970 

1971 

1972 

All  /Ifllrfs.  iOtal   

Total  SfiE   

 ™                       }  m    . 

6L6 

61.B 

62.4 

62.8 

62.' 

62.2 

61.9 

61.9 

61.2 

60.5 

59.0 

57.5 

55.2 

Nflturcl  Sdencc  

30.5 

37.6 

37.2 

37.3 

36.1 

36.4 

35.9 

35.1 

34.7 

33.6 

32.8 

31.9 

29.6 

FivJ  lire  r  hip,  

8.9 

10./. 

10.7 

n.7 

12.9 

12.6 

12.7 

i:.7 

12.9 

12.3 

11.4 

11. 1 

.^ori/il  fclrnccfi  

15.1 

IS.J 

l/i.8 

U.8 

U/ 

13.0 

14.1 

n.7 

;^(.o 

U.ll 

]4.2 

14.  J 

Science  i  Engineering,  Total  .  . 

-100 

Llfp  Sclnicrs  

27.2 

25.2 

23.) 

2/>.2 

24,1 

23.9 

22.7 

24.4 

23.9 

23.4 

24.6 

24.3 

Pbyslcnl  Sciences   

30.4 

30.5 

29.3 

29.5 

27.2 

27.0 

:;7.1 

25.4 

24,4 

24.5 

23.n 

22.3 

fin  Mir  ma  tics  

5.0 

5.3 

5.5 

6.1 

6.6 

6.7 

6.9 

6.? 

6.7 

6.9 

7.0 

6.5 

6.1 

CoIn|n.^.e^  ScU'ncpji  

0.2 

0.1 

0.3 

0.4 

O.d 

0.7 

0.9 

Englnecrliif;   

13.0 

]/^^ 

16.7 

17.3 

IG.f 

20.7 

20.4 

20.5 

22.5 

21.3 

20.9 

19.B 

20.1 

Psychology   

10.6 

lO.B 

10.8 

10.5 

m 

8.3 

9.3 

^6 

9.0 

9.8 

9.5 

9.7 

10.2 

Social  Scicncen   

13.9 

i:  ■> 

13.0 

13.1 

12.9 

12.6 

12.4 

13.2 

13-5 

13.3 

14.2 

15.0 

16.0 

SOURCE:  Harktt  Fncte» 


inc.,  Center  for  Quantitative  Sciences.  Eased  on  Table  2.20. 


Table  2,23      SCIENTIFIC  AND  Ii:!;ClNE KRIKG  DEGKI' !■  S  AS  PEUCr.;:TACI'  OF 

TOTAL  DFCUKIiS  GIUNTF.i),   HV  LKVlif,: 
1960-72^  and  I960-] 980^ 


(Percent) 


Acsdemlr. 

MSF 

NCES 

Year 

Ending 

Bachr lor 

Mas  ter 

Doctor 

Jj.ichelor 

Mas  ter 

Doctor 

1960  .  .  . 

31 

27 

62 

38 

30 

66 

1961  ,  ,  . 

30 

29 

62 

37 

32 

66 

1962  .  .  . 

30 

30 

62 

40 

37 

67 

1963  .  .  . 

30 

30 

63 

41 

38 

67 

1964  .  .  . 

30 

30 

62 

41 

38 

67 

196!)  .  .  . 

31 

30 

62 

41 

39 

.7 

1966  ,  ,  . 

31 

27 

62 

42 

37 

66 

1967  .  .  . 

32 

26 

62 

43 

37 

66 

1968  .  .  . 

32 

26 

61 

43 

35 

65 

1969  .  .  . 

32 

25 

60 

43 

35 

65 

1970  .  .  . 

32 

24 

59 

43 

34 

64 

1971  .  .  . 

31 

22 

58 

42 

32 

62 

1972  .  .  . 

30 

21 

55 

41 

32 

60 

1973  .  .  . 

41 

31 

59 

1974  .  .  . 

41 

31 

58 

1975  .  .  , 

41 

31 

57 

1976  .  .  . 

40 

31 

57 

1977  .  .  . 

40 

JO 

^ 

1978  .  .  . 

41 

30 

54 

1979  .  .  . 

41 

30 

54 

1980  .  .  . 

42 

30 

5A 

1 

Based  on 

2 

Based  on  N'C' 

•  cccr.p  ila  tier.. 
:S  data. 

SOUP.CE;    Market  Fnct-a,  Inc. 

Cfintdr  l:::r 

Tables 

:.14,   2.18,   2.22  and  2.13,   2.17,  2.21. 
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Table  1.1k    SCIENTIFIC  AND  ENGINEERING  DEGREES  BY  LEVEL"^  AND  FIELD  '^F  SCIENCE^  AS 
PERCENTAGE  OF  TOTAL  SCIENTIFIC  AND  ENGINEERING' DEGREE^).  1960-1980 


i      1  J 

Acflucnlc 
Year 

End(tif» 

B 

life 
Sciences 

fl 

0 

B 

Phy?loil 
Sciences 
H 

D 

MathemitlcB 
B      \^  D 

Computer 
SclcnceB 

D 

En|;lnccrir{i 
B      H'  D 

1 

Psycho logv 
IB       H    '  D 

j  Social 
Srlrnc(?5 
1    B  M 

D 

1960  .  .  . 

16 

26 

11 

U 

20 

8 

0  5 

26 

31 

12 

j 

6  10 

20 

1961  .  .  . 

15 

15 

2i 

10 

2fl 

1 

9 

9  5 

2/. 

31 

6  10 

35  2^ 

20 

1962  ,  ,  , 

15 

13 

25 

10 

12 

27 

9 

8  5 

23 

27 

16 

i 

6  10 

36  3i 

17 

1  1 

15 

12 

23 

10 

2B 

U 

9  6 

21 

27 

16 

5  10 

38  35 

]8 

196i  ,  ,  . 

15 

12 

Vi 

9 

11 

?5 

iO 

!)  6 

19 

27 

18 

7 

5  10 

36 

18 

1965  .  .  , 

16 

12 

2k 

9 

U 

26 

9 

9  6 

H  m 

19 

27 

19 

7 

5  6 

M  36 

la 

U 

12 

23 

8 

10 

25 

'  6 

11 

26 

19 

8 

5  9 

i3  38 

17 

16 

12 

21 

0 

6 

■i 

2/. 

19 

8 

5  9 

U  39 

10 

I^tB  .  ,  . 

15 

I? 

Ik 

1 

9 

2/f 

15 

2^ 

19 

9 

5  a 

^5 

18 

1969  .  .  , 

15 

n 

23 

1 

L  . 

J 

8 

U 

22 

20 

9 

6  9 

18 

]^/(J  ,  .  . 

K» 

1! 

23 

8 

:i  > 

15 

22 

19 

10 

6  8 

i6  /i2 

20 

V}1\     ,     V  , 

Im 

u 

/  ■ 

0 

8 

22 

/ 

1  6 

1  2 

U 

22 

18 

11 

6  9 

20 

1972  .  .  . 

U 

!1 

^3 

6 

fl 

20 

A 
) 

1  2 

'>i 

Ifi 

12 

7  9 

48  U 

2!! 

19/3  .  .  . 

14 

M 

22 

8 

ft 

G  5 

1  ? 

12 

20 

17 

12 

7  9 

/p5 

•f/p 

.  .  , 

U 

Jl 

11 

() 

b  5 

1  2 

12 

20 

17 

13 

7  10 

V\ 

Vi.   ,  .  . 

11 

n 

5 

7 

19 

6 

5 

1  2 

10 

20 

i? 

U 

7  U 

«9  ^7 

?s 

J976  .  .  , 

ih 

Jl 

5 

7 

6 

6  5 

1  2 

9 

19 

16 

7  12 

50  i7 

25 

19/7  .  .  . 

]h 

11 

J, 

r 

/ 

19 

6 

2  2 

9 

1- 

15 

1  U 

i9  ^i7 

26 

19/8  .  .  . 

11 

22 

r 

7 

IS 

6 

2  ^ 

ib 

i9 

d 

15 

1  u 

i9  ^8 

26 

19/';  .  .  . 

1) 

11 

22  ' 

5 

7 

IS 

6 

2  3 

2  i 

19 

Its 

!^ 

7  1^1 

/.a  /.B 

2(. 

1930  .  .  . 

13 

11 

.0  i 

7 

IB 

1 

'  '  i 

2  3 

I  1 

,  j 

16 

i 

U  1 

1 

V, 

1 ' 

7  K 

^8  a 

26 

1 

II*  flflchclor'o 
Doctor's 

2 

National  Center  (or  Education  Statlatka  (NCF3)    .hlH  nf  »c'( 


ERXC    SOM;  Market  FactB,  Inc.,  Center  for  fjuentltativc       .c8.  T.i^c:;  fm  TnbiM  2.13,  2.17  rod  2.21. 


Con'i)utor  Sciences,   Psychology  and  Socinl  Sciences  have  accounteJ 
for  increasing  proportions  of  all  science  and  engineering  degre(?s  at  each 
of   the  tliree  degree  Ic  els  and   these   trends  will  continue  throei;;h   1980,  At 
the  doctorate   level,    life  sciences,   physical   sciences,   and  phrychol<^gy 
account   for  higher  proportions  of  degrees   than  they  do  at   li.wer  levels. 

The  multitude  of  factorti  which  encourage  or  Jiscourage  students 
and  prospective  students   frorr  continuing  their  education,   and  which  in- 
fluence their  decisions  about    field  of  specialization  will  only  be  touched 
upon  here.     Needless   to  say,    they  are  incorporated  into  the  projections 
(for  degrees)   provided  by  !,CES  and   (for  supply  a:  .1  utilization)   by  the 
Bureau  of  Labor  Statistics. 

Our  rationale   for  examining  data  on  educational  a f: L.u.  ^mont   is  two- 
fold.    First,   tho  shifts  between  fields  of  science   (or  between  scientific 
fields  and  others)   need   to  be  identified  to  project   the  total  ni'i.bers  of 
scientists  an.:   engineers   for  future  years.     Although   rLcognii  i:r    i.I^.oe"'  ..^e 
made  of   the   fact   that  shifts  in   field  of  employment  do  occur  afu  r   lor  v;l 
education   is  complete-    (at   least    temporarily),    the  educationa.    p.  .<      '  -  l 
Still  by   far   tlie   largest   supplier  of  nev  sr      .t  v^"  ;      talent.     FiexJ  choices 
in  pos  t -seconda '  y  educatLoti  particularly  cm        -    -"p-'c'-ed   to  reflect  aware- 
ness  (on   t!ie  pa   L  of  coiuisellor'-; ,   as  we'll    "  e-iLr  /         changes  in: 
national   policy  which   in   turn   ii  :'luc^nces  t;M-   Job  market,    irjconii-   levels  and 
costs  of  echii-ation,    the  availability  c :"    finani  iai   su{:port   for  educational 
OAponses,   r.^:'/ial  press'M^L-s       l.-iting  to  the  relativ..    importance  to  socie./ 
of   certain  skills,  etc. 

2.1.3  Sc  i  en  L  i  f  1  c   5.  _Fng  i  nec^-  i_Tig_  Lahi-r  FcT_r c  e 

The  da  t  a  on  h  i  s  L  (  ?'y  o  f  aiui    th.-   ^  >  r(^  j  ec  t  *  ons   for   the  labor 

fei  .  r   t)f        itdtists  and     n;^;ineors,    to  .:i    largL*   '-xtL.nt,    is   qnalified   ;/  tht 
san^e   tvptj/---.   of    incons  i  st  ♦mil      s    that    .infect    Lne    iducational   data.     Over    l.  :  j, 
defiiiirlnns    fur  sc  ience/eng  i  rice :     \-::,  ^   :VO   included  mnrc  or    I    ss  o\  thi/ 

m:  1  n  1    scientists,    ••u-iicnT        i    lU"  i  s  i      Mii^.l    L . -^Min  i  c  i  ans  .      Computer  scitintisLs 
are  oftfi   shifu-c!   1u'(w^mmi   en^>  i  n.r'O  r  i  iig  ncci  ma  L   cm/i  t  i    '  1    fields    (or   ao  [ 
counted  at   all).      In  addition,    tlu-   prjme  sources  of  natienial   d;ita  (BI.S, 


Census,   NSP)  provide  totals  based  upon  dirfcront  points  of  view.  BLS 
statisLlcs  on  labor  force  show  tlie  number  of  employees   (by  field  or  occupo- 
tlon)   from  the  viewpoint  of  the  employers.     The  total   nurr.ber  of  (employed) 
scieitists  and  engineers  thus   idontifled  is  not  necessarily  compal'ble  with 
the  number  who   identify  themselves  as  being  scientists  and  engineurs,  nor 
with  the  number  of  labor  force  participants  who  have  degrees  in  science  and 
engineer  ing . 

The  growth  in  the  numbers  -f  Jcientists   (including  social  scientists) 
and  engineers  over   the  past  decade  has  been  from  an  estimated  1.1  million 
to  1.8  million  in  1970  and       n  million  in   1975.     The  rates  of  increase  ob- 
served over   the  past  two  decades  show  a  steadily  slowing  trend.  Employment 
of  natural  scientists  and  engineers  increased  46  percent  from  1950  to  1955, 
36  percent  over  the  next  five  years,   24  percent  in  the  first  half  of  the  60's 
and   17  percent    in  the  last  part  of   that  decade.     NSF  currently  estimates  an 
annual   rate  of   increase  of  2.4  percent  annually  or  13  p.rcent  between  1970 
avfd   r'wS.     S/E  employment   ^rew  at  a  taster  rate  than  total  einployment  throug'i 
197Q.     Thr  nnmh.'r  oi   natural   scientists  and  engin-ers  per  10,000  civilian 
employees  was  less  than  100  in  1950,    163  by  1960,  and  just    .ver  200  In  19'70. 
At  NSF's  projected  rates  of   increast:   the  ratio  nv'iy  be  est  : '^c  ed  at  about 
the  s.iiTi.-   Llirou^^h   1975  and   then  decr.;asi:;u         I9i     to  roughly  185. 

Both  NSF  and  Rl'.S  projections  for   the  decade  19/3-1985  note  th:  - 
the  supply  of  new  scienrists  and  engineers  will  exceed  utilization.     The  net 
erri.H:t    is    in  anticipa.    1   increase   ii\   the  p     portion  of  -jnip  1  oyed  sclent  'S^s 
and  e-ii^^inoors  with  adv.n.  ed  deg!  -^:s.     MTethur  this  anuMnits   to  enrich:'  ■nl    r.  ~ 
the   ri»'ld  or   to  undo  r  i  r  i  1  iza  t  -  on ,   the  pl.enoniunon   Is   the  same.     In  considering 
tho  ;j,enoraLion  of"  srientrific  aful   tr'c:ini':jl    Infor'int  ion,    this  phenomenon  in 
part  hnilarl:-      ^^nifiranL  as   it   i  ^'  generally  beli.-ved   that    ioctoral  deeree 
h n  I  r  i ,  r     a  i-  •  •  :noV'.    ]  i  ko  1  y     o  pr n d 1 1 c     rr.  ;  r  c  r  e c  o  r d o d  information  than  t h     o  wi  t  h 
los>:   -i.lvM'^   t;d  de^.-./es.     Hov;over,    Lh^  nM.i-    efFf.'t  m::/  be   tempered  hy 

r.-ie-r    I     It    d^'r•reas  in^^  ./nlloge  en  r  .  1  I  :::on  t     aise  ni^ian   fc-.v'or  acadomlc  jobs, 
.Hid    s'- ii'i^M' sfs/'Mii,',  uuTTS  cr'i^loycd    : ::    thoso  positions  a^si^   ;  (Mu!   'o  he  iiigli 
pr<''ltt>-^'r^  of  r'   ■iirdfil    i  n  forma  t.  i  on  . 

-mplovfui  nat'ira!    srienti^rn  and   engir.^'ers  !iavc    ;iade  no  about  2 

P  .r<  .-nr    •      to(.al   fn)[^  i  oynion  t.   sinoe  n  i  d -s  i  x  t  i  r  d   rf:.s  proportion  is 

4  5 

er|c  ^^^-^ 


pro;     t^'d  to  roni.'ifu   f.iirly  cHinstant.    throii^'.li   1985.     Howovor,   thi^rr  are 
strong   IndLcaUoiis  that:  sriiMUists  .ind  <^n^ i nt'f rs   it;  rlio  oarly   19B0V^  will 
hnve  more  education   than  i:urrintly;  :ni)ro  will  liavu  Ph.D's.     There  are 
presetK  ly  ai^prox  iinat  ely  2,000,000  employed  scLontists  and  engineers  (de- 
peadin^*  .somewhat  upon  whitdi  sSoicntific:   fields  are  in^:luded). 

Three  primary  sources  of  data  nru  available  from  which  to  make 
estimates  and  projections.     All   three  break  out   the  fie'^ls  of  science 
somewhat  differently  and  definitions  and  totals  are  not  fully  comparable. 
The  first,  which  provides  data  f.  r  .-v^n  years  up   through  1970,    is  t!)e 
national   Register  of  Scientific  and  Technical  Personnel  which  ^-  i'^  :jin- 
r    j'ned  by  the  N  tional  Science  F-  undation.     Secondly,  NSF  supi)urts  the 
Roster  cf  Doctoral  Scientists  and  Engineers »  maintained  by  the  National 
Kesearch  Counc  il.     A  survey  of  a  sample  of  the  ?72,0CO  individuals  on  the 
Roster  was  r  >ndii       :    in  1973.     Tn   1072  and  lv7A,    the  Consu.-:   liureau  surveyed 
a  sample  of  pt'opLc  who  h.if^  been   identified  in   the  1970  dcceiiMal  census  as 
being  i     .juH-^ified  scientific  or  r  ov;;  ineer  i  ng  occupational   groups.  This 
survey   is    i n L tL-ndt-d   Lo  be  Cf^ntinued  bienni.ally. 

The  rates  of  y,rou'*b  :)f  employment    in  scientific  and  engineering 
fields  ..re  comp.,«red  here  with   ...   -s  of  growth   for  toc/»l   employment,  and 
'•'irfi  employment    of  p  ro  f ss  i  (um  1   anrj   technical  workers.      In    iddition,  the 
ava  I  "'abi  li  r  ;  of  d/ita   for  doctoral   scientists  n  1  1  > 'ws-  spec  ial  eons  icie  ra  t  i  on 
of   this  f^'^'Hii^, 

It  appears  grricr:«ny   true   that   each  sucressivr   series  f 

i'St  ima  t  c.-^:  an...   piojec'lons   for  cmphw-icnt   in  all  of   the  cat-'gories  mentioncni 
the  proceeding  pa  r.  i ra  ph ,    tei;.;    to  be  revised  ward.      The  sane-   is  tru^: 

of  t/stimates  and  projections   for  popu  1  a  t  i  ^  ^n   (S.  and   IT),    coIIhi.-  en- 

uju   .   .ii'gr.M's   .M-:!nted  and   labor   rova:.      Ucr  11   such  estimates  and 

pr.  •.  ]  c"  r  il,  uis  ar.'  h.is.d  [^.n'lially  upon  assumptions  .i.-ont:    the  trend   in  birch 
-..te^:,    tbt-.'  c'.'.M-r  ecnsichMod   f  c.n-;p  ^  ■  ■ .  M  v    i  ndr    •nr]'- 1 1  f    of  f  cli  otlu-r  in 

t.Tms  of  .1.)^,:!  :  •  M.le  of  \\ I /r^h  T     of   pL^c^^le   involv^'cl   in  ■,  .ch  catogcM--.-.  How- 
,:vcr,      «lat  ion;-'i  [  1-^ h.  *  v     n   tlu'  various   sobgrmips  of  empln'ed  pt-rsoas 
ffor   t.-xafn[)i.',    the   [)rM|M  ■  ;■  i  i  on  of   toL.il   em[>  1  oym.  ^   r    .dii'h   consists  of  s./ientist.^ 


l)c  r  1  n  i  L  i  mi.*  I  iirnfiliMns  l)t'c'()iTiL'  si'ViTt*  wIumi  .'it  t  empty  rn<uli*  fo 

conip.iti*  d.iL.i   frvMii  (lifftM'LMi'    sourci'S.     T[\«»  fiulds  of  srii'iitLrir  endeavor 
whirh  <iro   iiicliul^d    in  one  r>vt.  of  dnta  /iro  ih^t  ccmis  i  s  tit^'nt  with   lIk^sc  coviTed 
in  others.     In  addition,    tht»  assumptions  coru  erning  what  const  itute^;  a 
"scientist*'   (independent  of   i^oLd)   \'ary,    in  somL-  cases       .»  to   i  neons  i  s  t  one  i  os 
between  training  and  einp loy rutin t  categories.     "Natural    Scientists",    \  classi- 
fication used  by  NSK,   Census  and  RI.S,   only  sometimes   includes  mathematics 
and  statistics.     In  some  series  scientists  and   te  hnicians  are  grouped  to- 
gether,   in  others  scientists  and  engineers,   wiiile  Cata  on  scitMULsls  ahuie 
may  also  be  presented.     In  addition,   data  source;  must  be  consider  -d.  Sta- 
tistics collected   from  employers  regarding  the  number  of  employees  in 
certain  occnpa:.  luns  differ  from  those  collected  from  employee'^>  tl^^^mselves. 

Any  examinati*')  of   trends   in  employment   is  necessarily  coupled 
with  trends   in  educatii      and  as  a  result   leads  t.o  comments  con  orning  anti- 
cipated "enr  i  ch'   'U  t" .     U'liether    tl:     e>:pevted   increased  educational  level 
foreseen  by     ci    itific  a       tecimical    '  ersonnel    (including  academicians)  is 
i     fact  an   im[ir  venient    ("enricNment")   cr  w'nether  it    is  actually  "under- 
ut  i  1  i:<a  t  ion''    I     a   semantic  argument  a.-^-   r.'a^:'  phenomenon   is   the  same.  Con- 
sensus of  op'-'ion  exists   that    It  will   occur  over   the  next  decade. 

The  procL'ss  of  creating  estin  iies   for  S/T   labor   force  for  the 
eight    (''X-jI    ling  "ni:iier"')   \'SF  specific:   fields  of  Ss  i   nee  is  a  risky  business. 
G(     -rally,    it    i  .   considered  by  manpower  s t a t  i s t i r : an  -   to  be  something  which 
for  valid  reascjiis  cannot   be  done.     Shifts  l^etweer   fi-  Ids  are  know.;   to  be 
occurring  arHUially  bt^tfi    in   tef:::s  .^T    the  der::Mtional    '^(^nndari  es  ;;SeJ  by 
different   d<iia   s.ries  aofl    ilse  by   ;  n.j  ^cit:.tLsrs  and  ongi.iv-..  .s   then:- .oIvl'S  . 
Irul  i  \' if!:!.:  1    pi-ef  ■       i  ena  !    identity  :;m^.'   no:  be   the  sa;:h.'  as  ediu^ational  back- 
round  or'  a-.   c;-r^"-'ii^    ..Tip  1  (^.•■"' .'n  1.  .     C  !  ri  s  h  i  f  i  <;  a  t  '  or\<  used  Sy  surv.;.'s  of  em- 
] .  and   -i'!  r" -'.,-y  ;•.  of     rip  1  e  vt,>L"s  at'e  ba^-ed  up  (Mi  eh  j  n-c^  t  i  •."e'->  sufficiently 

disparatL^  a^;         Mr-'chnb-  .Mn^M:;[L'nt    definitions  .''f   -ci-Mtific   f  i     d  .  A 
i-^M.iabie  a-si:::;j  r  .mo    i  ;   that   shift  -  betve'^.'n  di-- zip]  in.'     re  iiu>rt'  likely 
in  (I'-cnr  he'w-"-a   elds-'ly   rL>1a(e'{  snb-.~ipt.-c  i  a  -    i  *.  s  -^^r  'n»,' v.-.-en  s [)«•(.' la  1  t  i  os 
and  mn  1  :  i-disci..  '  in/iry   fi^'lds.      Very   little  study  has  i^L't-n  devoted    to  fhc-SL* 
sli  ;  r  Thf    I  i  ^  -  •  ra  t  e   .  •    is  .-tMl--    a   !)ias    :o>\vaid    '  ii.'   o.  liff    :  ha  t    -/I's  w\\o 

Th)^.'       .  a    f'-'ld   ef   "nen-S/E^"  do  net    r^'inrn.      Inl'  wer^-  no..'^        lo  niie.ivL-r 
doi-unw'i  •       i        r  i  •    ojpf)<>r'    this  hi'li.:',    ']■■:■:<  v>.-v, 
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In  est  Imn  ting  S/E  lnh(^r  force  between  J  960  nnd  1980,  a  number  of 
arbltrai  y  dt-..  isions  were  applLed  to  exislLng  data.     These  are  described  below 
for  each  of  the  Meveu  fields  of  science  plus  engineering.     In  all   cases,  the 
reader   is  referred  to  the  source  data  for  specM'fi^  caveats,  survey  metho- 
dolo^^ies,   and  definitional  distinctions  which  ar     sufficiently  lengthy  to  make 
their  full  disclosure  Iiere  impractical.     The  Bureau  of  Labor  Statistics  pro- 
vides widely  quoted  data  on  employed  natural   scienLi^^ts  and  engineers  through 
1970  (27).     These  data  were  used  for  the  years  1960-1970  in  the  accompanying 
table  (2.25).       In  addition,   sub-fields  were  broken  out  of  Physical  StMcn  o 
and  T/ife  Science  ie  order  to  creat*.^  a  category  for  "Environmental  Science", 
This  may  well  be  an  artificial  discipline  anyway  and  it  should  be  noted  that 
NSF  in  its  educational  statistics  does  not  identify  su-h  a  category.  How- 
ever, Census  does   in  Its  cnrren'    su^^M■^y.     The  decision  to  create  this  cate- 
gory from  a  subset  of  guol ogists/geophvsic ists  and  other  physical  scientists 
may  underestimate  the  category  to  the  extent  that  chemists  and  physicists 
are  involved  in  environmentally  oriented  occupations.     The  number  of  environ- 
mental scientists  is  the  nun'ier  of  geo logis ts/geophysi cis t s  listed  by  BLS 
plus  2[j  percv^nt  of  otl>      physical  scientists,     (The  remaining  75  percent  i.ere 
added  to  pliysicists  and  chemists  to  obtain  Physical  Sci  'nces  estimates). 
That  proportion  was  chosen  In  be  in  line  with  the  number  of  meteorologists 
lisLcd  in  NSFV-  Natiunal  Register  of  Scientific  and  Technical  Manpower 
(92,   93,   9A,  95,  96).     Although  oceanog-aphers  were  not  counted  separately  for 
ti.u  decade  1960-70,   the  totals  arrived  at  for  1970  carry  for^.'ard  into  BLS  1972 
data  summing  gcologis^s,  me  teo  rol  o>^i  s  ts  Hu<j  oceanographers  ,     Also  ignored  in 
these  to*->ls  are  life  scientists    Lnvolved  in  environmental  fields.     For  the 
years  1972-85,   BLS   '"^2  estimates  and  projected    "ates   ^ Increase  wer  '.sed. 

The   '60~W0  scientist  and  engineer  popul-ntion  covered  in  the  cr- 
ployment  data  above  specifically  exclud   ^  social   scientists  and  psychologists, 
and  also   (v/ith  the  likely  exce[)ti.>n  of  .   mputi-r  ei;   'ncers)   computer  scientists, 
Data   for  th-  nn;  ■)or  of  scie  iti.-.ts  and  engineers  between   '72  and   '80  are  de- 
rivi'd  from  the  RLS  estimares   frr   197?  an.i    1985  and  .--rage  annual    rates  of 
inrrease.     In  most  cases,   n  nMinher  of  cdLegories  were  summed   to  creace 
groni'in:-;  res    ihlinf:;  the  NSF  I'lcds  of  science  'lat  rates  of   in.  ^s:-^ 

appH-ri   thro.igh   1080.     Thus  anv  errs^i^    chanv^^-s  bet-eon   1972  and   1930  are 
suhm<  rged  hy   the  n>  t h( 'do  1  (M7,y  . 
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For  some  fluids,  esptu-ially  Psychology  atnl  Social  Sclencos,  the 
jump  from  1970-1072  is  prob.ibly  more.'  dr.im;if,  ic   tlun  reality  warrant-^, 
Rather  than  the  race  of    inrr^ase  being  exces'-;,    -.'ly   large  over  the  two  yeai 
p<»riod,    It    is  more  reasonable  to  assume  that  oitlur   the   '60-'70  d-ra  is 
underestimated,  or  the   '72-^80  series    Ls  over  stated.     Almost   the  inverse 
appears  to  be  true  with  engineering  estimatt^s,  where  growth  from  W0-'72 
appears  to  be  smaller  than  might  reas^  :;ably  be  expect  . 

Number  o_f^ 1*^21^1:: J jij.L^l^Li^''^^^^ 


Since  scientists  and  engineers  are  both  producers  and  users  of 
sciefitific  and   technical  publications  wc  will  show  that   the  number  of  arti- 
cles produced    ■•id   the  nui  ■;>er  of  uses  of  these  publications  are  highly  corre- 
lated to  the   ;  umbel-  of  scJentLsts  and  engineer:,.     Thus,    this  number   is  sig- 
nificant  for  projecting  fuLnre  producLion  and  use  since   the  number  of 
scientists  and  engineers   is  not  expected  to  grow  as  rapidly  as  in  the  past. 
This  section  provides  estimates  t>f  the  nu.iiber  of  scientists  and  engineers 
by  field   from  1960  through  1975  and  projections  through  1980. 

Our  e     'mates  of  number  of       iLnitists  and  engineers  are  ba  .e^d  on 
an    aialysLs  of  second.-.:  y  sources  go;;  -ratod  by   the  National  Science  Foundation, 
the  U.S.    Dopartnent  of  L.ibor,   and   the  U.S.   Census  Bureau.     There  are  dis- 
crepancies  in  coverage  .uid   ir^    lefi    ition  ame;ig  t»-..se  sources  of  data  and, 
therefore,   we  have  had   to  inake  jiul;     lonts  and  adjustments   to  create  rea- 
sonably coiisIste[;t    Infn  ati>:i. 

Estimates  eT   the  ;\.ininer  of  sclent  isf.s  and  encineers  are  given  in 
Tab1^  ^.2")  and   Figurt    2.").     Tlie  Natural    Sci.jace   fields    (M;  (  hemat  i  cs ,  Fife 
ScifMi-e..,  T^hydcal   Scien.^'S,   Fnv  I  ronmv^n  ta  1    Sc-'^ees)   are  given  as  a  subtetal  . 
This   totnl    is  c^^u.^\dci-cr\  noi-L'  accurate   thre.   th,-^    r,..-  tho   individual  natural 
science's.     The  .wer^ill    :otM    N^-s   ■i^r    in.!:.',    flvici   cine   (^'-Uher  Scietu^cs") 
except    .'IS   thie^^e  persvwis   .irt.-  (■  i  ' 
ject  iens  of   ]'^7?   :o   ]  980  d.M.i  ar.' 
prc^et't  UMiS    for    ]  '^'V-    in      uh~\  iebi 
cr i.'a  sr  . 


']\:     '  .er   fields.      Tlic  ^^ro- 
sufnm  i  n^       re/i  a  of'  Fa  be-  r  S  t  a  t  i.  s  t  Ic  s 
in'-tlvi, ng    tVc'r.ii^o  annu.il    r.'ile-^  '^f  in- 
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The  11  ii(Kjt  C'T"iii  i  r^'^i  n';:.;L'L-r  ol'  p    ■  onx  cng.'i^;</u    in  Llio  fi.<'^(i  of 

Com}-' 1 L  i- r  Tm- i  t.'iK-i'.s  mi  V.  "'fi  1  id  ':u:rt'/t  .■:  o^''^'  -  ly  ^'-'^  c^;^:i!^ate(i  118>000  per- 
sons 19/^.     Th(.'   fields  n{'  M.'i  L  hcinn  t.  !  ]*,sy  cho  1  (\;y    incre.:i;u?d  hy  over 
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KM)  niid  iu)n~fvM.>  Knij)  ]  ovni' r 


The  proportions  of   tovjl  sriviitists  cng  uuM.^rs  wlu)  arr  employed 

in  lUil)  is  of  priiiKir,    imi)or lanrt'  ;\r>   they  are  assuiiieil  to  be  producing  the  bulk 
of  seiontlfn^  .md   technical   re:-'arcli  information. 

R&D  sr  it'iit  Ists/enginL'ors  as  a  percent  of  total  S/F/s  employed  peaked 
betWL-.-!'.   ■         ar.d   1   '  7  at  almost    38  perei-nt.     Deeroasing  percentages  were  th-in 
observed   fliicu^h   1970.     Howovt-r,    tinvse  pro[)or t  i on^. ,   as   re    '.'ted  by  ih-T,  are 
has  d  on  *'natur    1"  scii'iitists  .lad  engineers    (thiis  excluding  -ueial  scientists 
at    lea^;t)  and  full-  time  equivalents.     In  addition,   state  and   Iccal  government 
RM)  emploviiient   is  not    included.     Whether  or  not  Uith   the  addition  of  social 
scientisrs,   R&D  employment  v/ould   fail    to  show  such  a  decrease  remains  un-- 
answered.     In  order  to  provide  estimates   for  total   R&D  employment,  howe^^er, 
these  proportit>ns  are  applied     o  thi^  Market  Facts,   Inc.   estimate  for  the 
total  S/E   labor  for'^>    in  Table  .'.26. 

Tin-  N.itional  Science  Board's  Science  I  n  d  i  c  a  u  o  r  s_  1  ^  ""2    (91)  (an  up- 
date of  which   is  expected  within  the  next   few  months)   and  NSF's  National 
Pa  1 1  e  r  ns_  of  R&  D  R     oi^.^i-.^l.^     (102)   annual  series  address  most  of  the  trends  in 
Rc.n  enployiiiep.r   p.i  r    i  cuharl  y ,   and  only  hi;^,hl'ghts  and   some  potential  pro- 
je<^'tions  witl   be  attc'i'ipted  here. 

Although  apfo-o.  liiiately  ono-thircl   of  all   scientists  aiid  en:;;fneers 
art;-  •  "ip  1 1  ly-  d    i  ;i  R"/^  aci    vitirs   tlu'  pr  op.^r- 1  i  on   is  higher,   just  over  50  percent 
in   1972   (97),    for  aortoral   degr.-.'  iic^d^Ts.      In    iddition  there  are  substantial 
dif  •  rr.ihrs  .ii;..M^g   t  lie   fields         SL'ienct^^-   for  Pli.n's.,  but  only  miner  differences 
aiiionv'   n.  ■^ds   for  run: -Mi .  D '  s .     Of   the  ^1  7,000  natrr    '    scitaUists  and  engin  ers 

:.an   20  percent   helc  doctorates.  ""'jo- 
ing  :'e-^r,irch. 

,  r  i  s  r  ^^  . ! :  xi  e  a  g  i  n  e  i '  r  s  h  y   t  \'  p  e  a  f  e  i '  i  - 
I"   '.'<;!•■  .    lur-a'i^  wb  it'll    industry  has 
M'  >     ;  M<  i: ;   '  v/t     ;  ]\\  r"u  -  .      Ft  Ac  r.i  1 
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employed    in  R^J)   in   10  71,   sMghtly  :.'S^ 
,  of        \   di>(-tt>:Ml   sei.'utisi-  wer. 

Fnu'  1  <y.  ■  .,-rit    n;/  r-  r  i  or  and  T  ; 

The  d  i    t  r  i  'on  t  i  -  mi  o  l    I-':.  ^) 
nlo-.  ■:■   ha>   ^-hanv   :    little  ■      '  r    f  i'r   p.:  • 
b...-i    *.!).-  ::n  i<'  .    -r.pl  i-^^   "UU  i  :  •  f^ 
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Table  2.26  TOTAL 

SCIENTISTS  AND 

EKGIK^EERS  AND 

R&D  SCIENTISTS  AND  ENGINEERS:  1960-1980 

(Thousands) 

Year 

R&D  89 

Total 

RfiD 

Percent  of  Total* 

1960  .  .  . 

1,159 

406 

35.0 

1961  .  .  . 

1,210 

431 

35.6 

1962  .  .  . 

1,272 

464 

36.5 

1963  .  .  . 

1,346 

499 

27.1 

1964  .  .  . 

1,396 

524 

37.5 

1965  .  .  . 

1,442 

541 

37.5 

1966  .  .  . 

1,501 

557 

37.1 

1967  .  .  . 

1,578 

592 

37,5 

1968  .  .  . 

1,649 

597 

36.2 

1969  .  .  . 

1,725 

604 

35.0 

1970  .  .  . 

1,797 

604 

33.6 

1971  .  .  . 

1,834 

607 

33.:. 

1972  .  .  . 

lp87X 

6X0 

32.6 

1973  .  .  . 

1,923 

617 

32.1 

1974  .  .  . 

1,973 

623 

31.6 

1975  .  .  . 

2,026 

630 

31.x 

1976  .  .  . 

2,081 

637 

30.6 

1977  .  .  . 

2,138 

644 

30.1 

1978  .  .  . 

2,195 

650 

29.6 

1979  .  .  . 

2,255 

656 

29.x 

1980  .  .  . 

2,314 

662 

28.6 

196O-X970  data  fron  Science  Indicators  1972.  X973  edition,  N'ationaX  Science 
Board»  KationaX  Science  rour.dacicn. 

SOURCE:    Market  Farts,  Inc.,  Cer.cer  for  Quantitative  Scinr.ces. 
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employment  ranged  from  12  to  16  per^nt  and  academic  institutions  10  to  13 
percent.     State  governments  employed  about  4,900  S/E's  in  R6fD  activities 
in  1973. 

Engineers  mac'e  up  more  than  two-thirds  of  the  S/E  labor  force  in 
1960,  and  a  slightly  smaller  proportion  in  1970  and  1975.     However,  a  much 
smaller,  although  growing,   proportion  of  Ph.D's  are  engineers  (8  percent  in 
1960,  and  15  percent  in  1970). 

Distributions  of  the  numbers  of  scientists  and  engineers  by  disci- 
pline are  available  from  NSF  for  total  population  of  S/E's,   for  total  R&D 
employment,  for  R&D  employment  by  sector,  and  by  basic  versus  applied  re- 
search versus  development.     Not  all  of  the  data  can  be  combined  in  complete 
matrices  as  the  definition  of  scientist  may  include  only  "natural"  scientists 
or  may  specifically  exclude  social  scientists.     In  some  series  psychology 
and  social  science  are  separated,  while  in  others,   they  are  combined.  General 
trends,  however,   in  termfr;  of  percent  changes  from  year  to  year,  are  in  agree- 
ment. 

Other  Factors  Affecting  Science  &  Engineering  Labor  Force 

The  size  of  scientist/engineer  labor  force,  although  primarily 
determined  by  the  magnitude  of  the  number  of  academic  degrees  granted,  is 
also  affected  by  field  switching  and  immigration/emigration. 

NSF  estimates    (105)  indicate  that  approximately  seven  percent  of  net 
additions  to'"  doc tcra Le  science  and  engineering  labor  force  consists  of  immi- 
grants,  and  12  percent  of  n?w  science  and  engineering  doctorate  recipients 
intend  to  emigrate.     Wh.it  appears  to  be  a  net  loss  of  S/E  doctorate  recipients 
is  more  than  accounted  for  by  the  fact   that  one-fifth  of  these  doctorate 
recipients  are  foreif;n  citizens  to  begin  vith.     In  1960,   8  percent  of  S/E's 
were  doctorates,  by  1970  the  proportion  had  increased  to  10  percent  and  is 
estimated  for  1973  at  lA  percent.     The  proportion  is  expected   to  continue  to 
increase . 

Field  switching  both  internally  within  ^^cientitic  and  engineering 
fields  and   in  .ind  out  of  scientific  fields  is  considerably  more  difficult  to 
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Identify.     Available  data,   for  example,   the  results  of  the  Censur  Bureau 
reports  on  the  1972  Professional,  Technical  and  Scientific  manpower  sur- 
vey (Technical  Paper  33,  Table  3.1)    (20)  indicates  that  something  on  the 
order  of  one-third  of  those  in  specified  science  and  engineering  occupations 
in  1970  indicated  a  professional  identification  two  years  later  in  a  different 
field  of  science  or  engineering.     One  of  the  results  of  this  finding,  how- 
ever,, was  a  redefinition  of  scientists/engineers  by  field.     The  redefini- 
tion combined  specified  filtering  criteria  by  field  of  education,  employ- 
ment and  self -idcntlf ication . 

The  precautions  to  be  noted  here  are  twofold.     Degrees  granted  in 
a  certain  field  provide  only  part  of  the  new  labor  supply  for  that  field  and 
not  all  of  the  degree  holders  in  a  given  field  will  pursue  employment:  in 
that  field.     For  most  science  and  engineering  fields,   the  higher  the  level 
of  the  degree  obtained,   the  more  likely  that  occupation  and  field  of  study 
will  coincide. 

In  addition,   in  examining  statistics  on  enrollments,  degrees 
granted,   employment,  professional  self-identification  and  so  forth,   it  is 
absolutely  necessary  to  be  aware  that  not  only  do  definitions  of  who  is  or 
is  not  a  scientist/engineer  vary  according  to  a  multitude  of  current  defi- 
nitions  (and  sources  of  data),  but  that  the  definitions  from  a  given  source 
vary  over  time.     Part  of  this  variation  is,   of  course,  due  to  the  changing 
nature  of  S'  'ence  itself  with  emerging  multi-discipline  fields  and  sub- 
specialties . 

S a 1 a ry  Levels  for  Sc lent  is ts  and  Engineers 

The  median  salary  for  scientists  and  engineers  in  1974  is  esti- 
mated ar  $19,300  (23).     This  represents  an  increase  since  1964  of  80  percent. 
Over  the  same  decade,  salaries  for  all   (male)  civilians  increased  82  percent, 
while  salaries  for  professional  and   technical  workers  rose  by  91  percent 
during   tl;e  same  period. 

The  salaries  of  scientists  aiul  engineers  have  increased  over  the 
past   15  years  even  when  stat:-d   in  constant  dollars.     This  phenomenon  is 
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^^rob.iMy  duo  Lo  tlu;  supply  nnd  clcninnd  of  in.uipowf^r  in  Llic  f.H::i cul  I  fi c  Inhor 
market.     TliLs  m.-iy  Ijnvo  d  bearing  on  production  of  scholarly,  sciontiric 

and  tcclmicnl   artlclfs  vdio.n  such  production  ir.  rolntod  to  rcjscarclj  nnd  dcv(^lop~ 
menL  funding;.     I'stinintcd  modian  calaric-t.  for  scientists  in  ci[;ht  of  the  nine 
fields  of  science  arc  [;iven  in  Table  2.27  belov;.     The  table  also  gives  pro- 
jections to  1980  based  on  past  rates  of  increase. 

hedian  salaries  of  scien ti  sts  and  engineers  more  than  doubled 
betv;een  19G0  and  1975.     More  significant,   perhaps,   is  tlie  fact  that  salaries 
have  also  incioasod  after  the  Gross  National  Product  (GNP)  deflator  has  been 
applied.     This  increase  is  from  $10,700  to  $13,200  which  is  about  23  percent 
from  1960  to  1975.     There  does  not  appear  to  be  a  significant  difference  among 
the  nine  fields  of  science.     The  greatest  increase  was  in  psychology.  The 
lowest  salaries  over  the  span  of  time  appear  to  be  in  the  life  sciences. 

'  197A,   the  most  recent  comprehensive  data  indicates  that  the 
fields  of  En^;     ocring.  Physical  and  Environmental  Sciences,  Mathematics, 
Psychology  and  Social  Sciences  all  had  medians  higher  than  the  scientific/ 
engineering  population  on  a  whole.     Estimates  of  individual  fields  for  the 
1960's  are  based,  upon  the  National  Science  Foundation  American  Science 
Manpower  series   (92,   93,   9A,   95,   96).  Estimates  for  Engineering,  not  included 
In  the  NSE  series,  are  taken  from  Scientific  and  Technical  Manpower  Resources 
(110)  for  the  early  1950' s.     The  data  is  about  ten  percent  higher  than  BLS 
salaries  for  technical  engineers  in  1962  and  about  five  percent  higher*  in  1972. 
For  the  years  1972  and  1974,  data  from  the  Census  bienr.ial  surveys  is  used. 
There  are  obvious  problems  in  combining  data  from  several  sources  in  this  way, 
especially  for  individual  fields  of  science.     Each  source  tends   to  define  in- 
clusion witliin  the  field  somev;hat  differently.     In  addition,  an  individual 
source  frequently  combines  different  specialties  into  scientific  fields  in  a 
way  x>;hich  makes  precise  conii^arison  over  tine  difficult. 

Some  trends  arc  apparent,  nevertheless.     If  anytning,  salary  increa  js 
shoxr/n  here  are  on  the  conservative  side.     The  assumption  of  conservatism  is 
indicated  by  the  fact   Lhat  scientific  and  engineering  salaries  appear  to  have 
increased  less  over  the  last  decade  or  so  than  have  salaries  for  the  total 
labor  force. 
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Table  2.2/      ESTIMATbD  Mr.DIAN  SM,AR1KS  fOR  SCIENTISTS  AND  EKGTNKE RS , 

BY  FIELD  OF  SCIENCE:  1960-19S0l- 


(Thousands  of  Dollars) 


C«ast«nc 

CurrvQE 
S 

tn^r  r  111  *.i 

4i: 

S:« 

y^th.  Sclrnsr* 

Sclrnet  t 

to- 

vlrOQ. 

LLfc 
Srler^Cf  a 

7ivch. 

SecLil 
5cltec«^' 

1960  .  .  . 

10.7 

9.4 

9.6 

9.0 

9.0 

8.8 

9.9 

1.9 

I.I 

8.0 

9.3 

1961  .  .  . 

10.9 

9.7 

3.0 

9. A 

9.3 

9.3 

9.4 

10.1 

9.2 

9.1 

1.3 

9.9 

IH2  .  .  . 

11.1 

10.0 

3.1 

10.0 

10.0 

10.0 

9.9 

10.3 

9.6 

9.3 

9.0 

10.4 

1963  .  •  . 

LL.  3 

3 . 1 

10.  2 

10.3 

10.6 

10.3 

10.1 

10.0 

9.1 

9.6 

10.9 

1964  .  .  . 

11.3 

10.6 

3.1 

10.3 

11.0 

11.1 

U.2 

11.3 

10.4 

lu.J 

10.3 

11.4 

1963  .  .  . 

12.1 

11.  A 

6.8 

11.3 

U.3 

11.6 

U.8 

11.7 

10,9 

10.9 

10.9 

U.9 

1964  .  .  . 

12.3 

12.1 

6.1 

12.2 

i:.o 

12.1 

12.6 

12.2 

U.3 

11.3 

U.3 

12.3 

1967  .  .  . 

12. < 

12. 1 

3.1 

12.9 

12. S 

12.6 

'3.3 

12.9 

12.2 

12.0 

U.3 

12.9 

1969  .  .  . 

12.9 

13. « 

3.1 

13.3 

13.2 

13.2 

14.1 

13. < 

12.9 

12. < 

U.2 

13.3 

1969  .   .  • 

13.1 

14. 3 

«.3 

14.4 

14.1 

13.9 

U.2 

14. S 

13.9 

13.3 

14.1 

13.9 

1970  •  •  • 

13.1 

13.1 

3.9 

13.2 

13. C 

14.6 

16. S 

15.3 

14.9 

14.3 

13.0 

14.3 

1971  . 

13.2 

IS. 9 

3.0 

16.0 

13.3 

13.3 

16.4 

U.9 

16.0 

14.6 

16.0 

13.4 

i972  .  .  . 

13. A 

16.6 

4.? 

16.9 

l&.l 

16.1 

16.2 

16.4 

17.3 

14.7 

17.0 

16.3 

1973  .  .  . 

13.6 

17.9 

7.9 

IS.l 

17.5 

17.8 

17.3 

17.9 

18.6 

16.2 

18.2 

18.1 

1974  .  .  . 

13.3 

19.3 

7.8 

19.4 

19.1 

19.8 

11.4 

19.3 

20.1 

17.8 

19.4 

20.2 

1973  . 

13.2 

20.8 

8.0 

:i.o 

20.4 

:i.4 

19.9 

21.1 

21.7 

19.2 

Zl.Q 

zi.i 

1976  .  .  . 

U.3 

22.4 

7.3 

22.3 

22.2 

23.0 

21.4 

22.6 

23.3 

20.7 

22.3 

23.5 

1977  .   .  . 

13.3 

24.0 

7.0 

24.1 

23.7 

24.6 

22.9 

24.2 

23.0 

22.1 

24.1 

25.1 

197S  .  .  . 

13.3 

23.3 

6.3 

23.7 

23.3 

26.2 

24.3 

23. 1 

26.6 

23-3 

23.7 

26.7 

1979  .  .  . 

13.2 

27.1 

6.0 

27.2 

36. S 

27.8 

23.1 

27.3 

21.2 

23.0 

27.2 

21.5 

1980  .  .  . 

13.1 

28.6 

3.3 

29.7 

28.3 

2S.3 
29 

27.2 

28.9 

29.7 

26.3 

18.7 

29.9 

1950-63  .  . 

13 

21 

18 

28 

>4 

18 

22 

24 

34 

23 

19*3-70  .  . 

1 

32 

3) 

30 

26 

4C 

32 

37 

33 

3< 

22 

1970-73  .  . 

1 

3A 

38 

37 

♦7 

n 

3( 

46 

32 

40 

30 

197J-80  .  . 

-1 

38 

37 

32 

37 

3T 

3; 

37 

37 

37 

37 

1964-74  .  . 

16 

82 

83 

74 

78 

64 

?3 

93 

73 

88 

77 

Ur  e.plt.l  il«P«*b^.  ?.tv.,-.l  mcor.  t«  r...iM7  proporrlo.,1  Sir  ,*:.rlr,  cv?  ch.  .a:lr.  ?Tl>l  rr?.3:  la  MO.  2:.0t  It,  M3,  23.31  in  M25. 
lis  *.tlt*ct  at  ?tr  CP:  In  1^0  1*  Ih.'.^',.     Ac  t^.t  ::i  T.T..  51!  iiUtir.  «ald  Dt  J*9,a  l3  1980.  «d        23*.  5*8.3. 

Dtlni  CV?  Icpllclt  ?r'.:*  irtl»:at  (1^75-40.   S7a)  -.0  ofcr.iIa  Zcanttrl  yAlttt. 

OCPCE:     yjrWc  TtcC.   Inc..  Cnttr  .'or       ,r.'.  U.  civ.  Scl.nc^,,  ^....i  .701  SSf  publl.htd  i.t.  f*«:t?t  for  proJ.cElon.)  - 
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Projection.^  througli  1980  nre  likely  to  bo  even  more  conservative. 
¥k  .    the  initial  projection  year,   1975,  a  rate  of  increa.^-^e  of  8  percent  is  used, 
ai   other  indicators  of  CPI  and  CNP  appear  to  be  of  cliat  magnitude.  Discussion 
of  anticipated  economic  activity  and  employment  for  the  remainder  of  the 
current  decade  point  fairly  consistently  to  a  slight  tapering  off  of  current 
levels  of  growth  by  the  end  of  the  decade.     For  this  reason  decreasing  annua, 
rates  of  increase  are  used  to  arrive  at  projected  salaries  for  1980,  All 
fields  of  science  are  projected  at  the  same  rates,  as  patterns  since  1962 
do  not  indicate  any  consistent  relationships  or  differences  in  rates  of  in- 
crease for  different  fields. 

Rates  of  increase  may  be  expected  to  differ  over  the  last  half  of 
\he  decade,  depending  upon  national  direction  and  emphasis  on  such  things  as 
energy  and  environmental  policy. 

Median  salary  levels  for  Federally  employed  scientists  and  engi- 
neers are  somewhat  higher  and  those  for  educational  institutions  somewhat 
lower.     Ph,D,   salaries  were  about  6  percent  higher  in  1973.     Salaries  for 
Ph.D,   scientists  and  engineers  and/or  for  those  employed  by  academic  in- 
stitutions may  be  of  more  interest  in  terms  of  the  coGts  of  generating  infor- 
mation as  these  groups  have  a  higher  publishing  rate  than  the  overall  group. 

2 .  2  Financial  Rgj^our£e_s_f__  R^^^  and  Development 

NSF's  own  publications  provide  some  of  the  best  sources  for  trend 
data  in  terms  of  financial  resoi rces  input  to  the  generation  of  scientific 
and  technical  information.     These  are  primarily  R^.D  expenditures,  since 
",.,the  increase  in  the  bulk  of  publication  correlates  more  nearly  with 
research  and  development  expenditures  than  with  manpower  figures"  59). 

Funds  for  R&D  constitute   two  to  three  percent  of  GNP ,     The  peak 
of  three  percent  was  reached  in  196A,     Since  then  the  percentage  slowly  but 
steadily  declined  to  2.3  percent  in  1974,     These  data  are  provided  for 
reference  at  the  end  of  this  section  in  Table  2. 47   (see  page  91  ) , 

Data  on  research  and  development  funding  in  this  section  are  terms 
of  actual  current  dollar  funds  and  constant  1967-'dollar  funds.     The  CNP 
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iin|)lii;il   pi  Ic^'  d  ( •  f  I  .i  r  < 'i*   i:;  uscil  a*;  .1  Ivisir;  for  <  ompu  I  i       coi)Slan(  1067 
dollnrs.     Tal)los  2.28  aial  2.29  jiivc  fn.uis   (in  ciiMcnl:  one!  constant  dollars 
rcf^purt  ivol  y)  uiud  for  kiM)  .nul  d  ; ::  I.  r  i  1):;     d  to  basic  rosuarch,  applied  rc- 
s'^nrch  und  dcvcl  o])hum)1  .     Pvojecl  ion:;  tliroi;r,li  1 9S()  are  also  sliown,  as  arc  rates 
of  incroasi'  for  f  ;vc~y'.*nr  periods  and   for  tin.'  most  recent',  decade  of  data 
excliu-"ive  of  tae  projected  amounts.     Roth  sets  of  data  are  pIo(:tod  in  Figure 
2.7,     The  projections  for  1  976  thrcn-h  lO^'O  for  loLal  fund^J  are  based  upon 
a  time  series  analysis  of  tlie  rates,  of  increase  for  current  dollars  from 
1960  througli  1975,     A  second  order  polyriomial  iiuulel  was  used  with  one  value 
of  X,     The  result  is  sliown  in  Ficure  2.6  below  (r=.5).     Amounts  for  Basic 
and  Applied  Research  and  Dovelopment  v;ere  tlien  projected  as  constant  per- 
centages of  the  total,  using  the  average  over  1971-75.     Thus  the  projections 
assume  that  the  distribution  will   remain  constant.". 


Figure  2.6:      ANNUAL  R.\TE  OF  INCRKASE  IN 
TOTAL  R6.D  FUNDS:  1961-1980 


3 


„|.  1  1  f_      I  _  -  U     .(  .  .  J      _|   ^4    -  -»     -U^  -  »    -  4  i_  I  k  ♦  4- 

jgfa    (>?.     6  3            05            67     68     ,V}     70     71     7Z     73     74  75     76     77     78     79  HO 

Yrar 
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Table  viJNDS  usi:i)  KOR  ni:sr:A:u:ii  and  i)i:vi'j.0PM]::;T: 

1960-19S0 


(Millions  of  Dollars) 


Totcl 
R&D 

Rer.»'arch 

Applied 
Rorc.»rcIi 

Developuicnt 

Yc«r 



$ 

s 

I 

i  S 

1960  .  .  , 

13,551 

1,163 

8./ 

3,057 

22,6 

9,311 

63,7 

1961  .  .  . 

14,346 

1,378 

9.7 

3,U5 

21.7 

9,853 

68,7 

1962  .  .  . 

15,426 

1,655 

11.0 

3,727 

24,2 

10,004 

64.9 

1963  .  .  . 

17,093 

1,974 

11,5 

3,825 

22.4 

11,294 

66.1 

1964  .  .  . 

18,894 

2,301 

12,  2 

4,238 

22,4 

12,355 

65.4 

1965  .  .  . 

20,091 

2,572 

12.8 

4,470 

22.2 

13,049 

64.9 

1966  .  .  . 

21,894 

2,825 

12.9 

4,747 

21,  7 

14,322 

65.4 

1967  .  .  . 

23,205 

3»029 

13. 1 

4,968 

21.4 

15,208 

65.5 

1968  .  .  . 

24,669 

3,2S6 

13,3 

5,336 

21.7 

16,027 

65,0 

1969  .  . 

25,686 

3,378 

13.2 

5,533 

21.5 

16,775 

65.3 

1970  .  .  . 

26,047 

3,545 

V^.6 

5,892 

22,6 

16,607 

63.8 

1971  .  .  . 

26,745 

3,544 

13.3 

6,047 

22.6 

17,154 

64.1 

1972  .  .  . 

28,402 

3,  705 

13.0 

6,272 

22, 1 

18,425 

64.9 

1973  .  .  . 

30,427 

3,800 

12.5 

6,639 

22.5 

19,788 

65.0 

1974*    .  . 

32,045 

3,991 

12.5 

7,460 

23,3 

20,594 

b4,3 

1975*    .  . 

34,345 

4,035 

11.9 

7,900 

IONS  

23,3 

22,270 

64,8 

1976  .  .  . 

36,469 

4,595 

12.6 

8,315 

22.8 

23,559 

64.6 

1977  .  .  . 

18,867 

4 , 397 

12.6 

8,862 

££m  O 

"j^  1  no 

ft '.  ft 

O'^  .  0 

1978  .   .  . 

41,605 

5,242 

12.6 

9,4^^6 

22.8 

26,877 

64,6 

1979  .  .  . 

44,761 

5,640 

12.6 

10,206 

22.8 

28,916 

64.6 

1980  .  .  . 

48,432 

6,102 

12.6 

?E?.Ci:rr  a 

11,042 

22,8 

31,287 

64,6 

1960-65  . 

48 

117 

46 

40 

1965-70  . 

30 

38 

32 

27 

1970-75  . 

32 

15 

j4 

1975-80  . 

41 

49 

J'. 

40 

196.-75  . 

71 

59 

79 

71 

NSF  cstlaate. 

Market  Facts,  Inc.,  Center  for  Qu;^nticat:l-/c  Sciences. 

Notet     To:al  nnoonc--  in  projections  ire  b^aiied  upon  a  st.iClc  distribution  anong 

tht?  thr'?f*  •^.irvjf^OL'I^'?.  T^ic^t^  totals  arc  not  tho  s.ir.R  as  t^ose  sho;.*n  cn  oChor 
Cables  dtK'  to  different  a^?^^;n:?cijn5. 

SOUKCE:     Natlcrijl  Scion-rc  found^tloa,  "itjonil  F3t;"r-!<;  of  Kofources. 
1953-1975  (:;Sr  7i>-:07). 
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Tabi.o  2.29     rur;ns  vnr.  KiISEakcu  an'h  dI'Vixoi':::-::;!':  1960-1980 


(MixJjons  of  ConsUiDl  1967  Dollars) 


TotJil 

Applied 

Year 

Fc  "1  f  r  ch 

Development 

1960  ,  • 

15,427 

1  347 

3,480 

10,600 

1961  .  •  . 

16,125 

1,549 

3,501 

U,075 

1962  .  .  . 

17,148 

1,8S4 

4,143 

11,120 

1963  .  •  . 

18,755 

2, 160 

4,197 

12,392 

1964  .  •  . 

20,411 

2,486 

4,570 

13,347 

1965  .  .  . 

21,310 

2,723 

4,741 

13,641 

1966  .  .  . 

22,594 

2.915 

4,899 

14,780 

1967  .  •  ■ 

23 . 2C5 

3,029 

4,968 

15,208 

1  QAR 

23,718 

3 , 159 

5,150 

15,409 

I7O7    •     •  • 

^ J , JQ± 

3 ,099 

5,075 

15, 387 

1970    •     •  • 

3  095 

5,123 

14,44(5 

1  071 

7  7    7  A  0 

2 , 948 

5,030 

14,270 

1972  .  .  . 

22,857 

2.982 

5,047 

14,828 

1973  .  .  . 

23,186 

2,896 

5,211 

15,079 

1974  .  •  . 

77  1^7 

2 ,759 

5,157 

14,236 

 "         PROJECTIONS  - 

±7  f  J     *     ■  ■ 

21  725 

2 ,584 

5,054 

14,087 

1  07li 

xyfo  ■   •  ■ 

71      1  S 

2  ,723 

4 , 928 

13,963 

1977  .  .  . 

21,578 

2,719 

4,920 

13,940 

1978  .  .  . 

21,610 

2,723 

4,927 

13,960 

1979  .  .  . 

21,850 

2,753 

4,982 

14,115 

1980  .  .  . 

22,221 

2,800 

5,066 

14,354 

  PERCD.T  CliA^GE 

1960-A.5  . 

38 

103 

36 

31 

1965-70  . 

6 

13 

8 

4 

1970-75  . 

-4 

-16 

-1 

-2 

1975-80  . 

2 

8 

2 

1965^-75  . 

2 

-5 

7 

2 

* 

Using  CNP  Implicit  price  dof later  (1975-19^0  NPA) . 
SOUPCE:     MarV;ct  Factb,  Inc,  Center  for  Qi.vr.ciCJtivo  Sciences.     Based  on  Tabl  i  2.28. 


10  I 

O  61 

ERIC 


n 
J'}  ■ 

B  ^ 

6 

2 


VU  7  5  {.0 


50 


•15  ^ 


30 


?.5  I 


2C. 


// 


To  : 


6 


f  < 


6.1 


-  t  :  -    f-  f 


Ai'J  m;.  i    .  .  .  ..fCM 


70 


..... .  I 

V-5  t'J 


19^.0 


65 


bO 


30 


2S 


2C 


IS 


/ 


"-^-■(j-o  -o  -o  -^ 


DKvi.i,n!':.'.!::T 


11,  


70  v^j 

a  -o   C«>n'  '.  "     .■  :on..i  L; 

  Pr-"- 


30 


Clearly  t\w  griN-itpst   IntTrasc  In  Funding  from  lOfi")  tc^  1975  was 
In  np()Uod  rostvircli.     IK^wfwt.T,  situ*.'   1970  all   throe  ar*»as  h;iv<?  ^I>^;rt;a  ;od  In 
constant  dol  lar  futulhii;,  .il  though  r  hrso  dccroasi-;  ar<'  not.  projoctod  to  con- 
tinue,    TIu"  constant  dollar  total   r*/s*».Mrrli  antl  dovelopnu-nt  funding;  lovol  per 
R&D  scLcntlst/cn^iinL-or  has  ^one  fr^in  $38,000   In  1960  down  to  $1^*,500   in  1975. 
Thus,   funds  availnblo  for  Si-iontlsts  and  engineers  have  docreastul  fairly  dra- 
matically.    We  f»H*l   that  this  fjicLor  may  have  had  .some   Impact  on  the  number 
of  articles  produced  per  Sviiontlst  and  evidence  would  support  this  supposi- 
tion.    The  problem  is  aggravated  even  more  because  ,:ialarles  of  scientists 
have  increased  fester  than  the  GNP  irnplicit  price  deflator.     For  example, 
median  constant  dollar  salaries  have  risen  from  $10,700  in  1960  to  -»ib(Mit: 
$13,200  In  1975. 

2.2.1  Source s  o^f _  Fu n d s_  a _ad  iJ._^jL'J.?^_9/_JilEL4_^, 

The  rr  l.'.tionship  of  sectoral  source  to  use  of  funds  Illustrates 

the  importance  of  the  Federal  governnont  as  the  prime  providei  of  research 

and  development  funds.     Prior  to  1969,  Federal  funds  accounted  Cor  over  60 

>ercent  of  V.^jD  funding.     By  1975  this  proportion  had  decreased  to  53  percent. 

The  data  for  R&D  funding  by  sectoral  use  and  source  is  shown  in 
Table  2.30  in  current  dollars,   in  Table  2.31  in  constant  1967  dollars  and  in 
Table  2.32,  where  «:he  amounts  provided  and  used  are  shown  as  percentages  of 
total  dollar  funds.     In  order  to  provide  projections  for  1976  through  1980, 
we  as.^umed  that  the  changing  distributions  among,  sectors  (for  both  source 
and  use)  would  continue  in  the  direction  taken  since  1966.     The  difference 
between  the  mean  percent   (from  Table  2.32)   for  the  two  periods  1966-70  and 
1971-75  was  used  as  the  projected  increase  for  1975-80.     The  projected  per- 
centage distributions  were  then  applied  to  total  R&D  funds  as  previously 
projected  by  time  analysis.     The  patterns  of   funding  by  sectors  are  not  at 
all  consistent  and,   therefore,  must  be  considered  independently  if  r<^^^=^"^"ble , 
Use  patterns  from  1960  to  1975  \uwc  also  varied  substantially  by  the  different 
sectors.     For  example,   funds  used   (constant  dollar)  by  industry  hive  in- 
creased less  than  one  half  of  one  percent  over  the  decade  1965-1975  compared 
to  funds  used  by  universities  and  colleges  which  increased  lA  percent  although 
use  in  all  sectors  has  decreased  In  the  years  ^970  to  >9 / 3 . 
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Table  2.31      SOURCE  0^   ^UNDS  /\.\D  FUNDS  USED  FOR  RESEARCH  AND 

DL     ..OPMENT,  BY  SECTOR:  1960-1980 


(Millions  of  Constant  1967  Dollars) 


1 

rtdcrcl 

Co«eriw-nt 

Iri'lustrr 

Oth«r  nonprofit 
IaiCltu:lona 

Total 

Sourc* 

I'st 

Source 

Total 

Othtr 

Sourca 

(/«• 

IKO  .  .  . 

1S,427 

9, 9(4 

1.96S 

S,132 

11,964 

170 

1 , 14s 

410 

162 

333 

lf«l  .  .  . 

16,1ZS 

10,412 

2,106 

S,33B 

12.360 

18S 

1, 318 

ill 

8S8 

169 

4J^ 

mi .  .  . 

U,U8 

11,034 

2,331 

S,tBS 

12, U5 

205 

1  ,S37 

911 

213 

545 

19(3  .  .  . 

U,7SS 

17,310 

2,  sol 

S,979 

13,8S8 

227 

1,768 

S62 

1,186 

239 

i79 

IfM  .  .  . 

20,410 

13. Ml 

3,066 

6,3S2 

14,S97 

2S4 

2, OS? 

679 

1,377 

244 

691 

194S  .  .  . 

21,310 

13,624 

3,281 

6,936 

IS. 046 

793 

2,231 

1  S63 

267 

733 

1966  .  .  . 

22,S94 

14,436 

3,323 

7, SSI 

U.OiS 

2,420 

6S0 

1, 770 

293 

806 

1967  .  .  . 

73,20S 

14,420 

3.396 

8,134 

16.3SS 

343 

673 

306 

830 

.  «  . 

23, TIB 

U,376 

3,3S8 

B,6S0 

16,7S7 

376 

2,046 

316 

843 

1969  .  .  . 

23,$<l 

13,680 

3,213 

9,171 

16,793 

38S 

2  701 

66  S 

2,036 

32S 

833 

1970  .  .  . 

22,640 

12,637 

3,3S2 

9,072 

1S,7D9 

401 

2,671 

(41 

2,030 

337 

920 

*971  .  •  . 

22,249 

12,463 

3,4S7 

8,996 

IS. 333 

440 

2,67S 

S96 

2,030 

347 

883 

1972  .  .  . 

22,6S7 

12,776 

3,607 

9,261 

1S,SS9 

4G4 

2,766 

61S 

2,1S3 

3S7 

893 

1973  .  .  .. 

23,186 

12,M2 

3,S20 

9,813 

1S»9;4 

460 

2^8S6 

623 

2,236 

359 

83} 

1974  .  .  . 

22,132 

11,721 

3,387 

9,620 

IS, 236 

472 

2.677 

S96 

2,079 

339 

863 

197S  .  .  . 

21,72S 

11,487 

3,2"9 

9,447 

IS, 093 

462 

^s  

2,S37 

S7i 

1,961 

329 

807 

1976  .  .  . 

21, bis 

11,175 

3,316 

9,62S 

 ritojfcrio 

14.938 

479 

2,5S3 

3&4 

1,986 

31S 

808 

1977  .  .  . 

21,S7S 

10,903 

3.3S3 

9,83S 

14.834 

49ft 

2.S78 

S» 

2,322 

342 

813 

i9;s  .  .  . 

21.610 

10,664 

3,4S3 

10.076 

14,776 

S19 

2,612 

}49 

2,062 

3S1 

820 

1979  .  .  . 

21,BS0 

10.S26 

3,463 

10,416 

14,861 

S4S 

2,670 

548 

2,122 

362 

836 

1960  .  .  . 

22,221 

10.444 

3,se6 

10,836 

1S.033 

S74 

nnz  

2,74S 

549 

2,197 

376 

836 

1960-6S  . 

iB 

39 

67 

3S 

 fzwrcrr  au 

26 

67 

9S 

63 

111 

65 

11) 

19«5.70  , 

6 

-7 

1 

31 

4 

42 

20 

-4 

30 

26 

22 

1970-7S  . 

-4 

-11 

-2 

4 

-4 

IS 

-5 

•10 

-J 

-2 

-12 

1975-CO    .  j 

2 

-9 

9 

IS 

24 

8 

-5 

12 

14 

6 

m)-7s  .  : 

2 

-17 

0 

36 

0 

63 

14 

-14 

2S 

23 

7 

Dilri  OTT  lttj>Ilclt  price  dafUtor  (1975-lSSO  MPA). 
SOVRCe:    KarUt  Facts,  Inc.,  C«nt«r  for  Quentltatlve  Sclmc**.    ttttd  co  TAbU  2.30. 
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Tab.lf^  2.32      SOURCE  OK  FUNDS  AND  FUNDS  USED  FOR  RESEARCH 

AND  DEVELOPMENT:  1960-1980 


(Percent  Distribution) 


Total 

Federal 

GovernriciiC 

I 

rv 

Universities 

?.nd  College*: 

jOther  N'o-iprofit 
1  iDStiCuticns 

Year 

Dollars 

OUlHop-0 

Source 

Use 

Source 

f 

HQ 

Source 

Total 

Use 

FfRDC 
Use 

Othei 
Use 

Source 

Use 

19C0  .   .  . 

13,551 

64.6 

12.7 

33 

.3 

77 

.6 

1.1 

7.4 

2.7 

4.8 

1.0 

2.3 

1961  .  .  . 

1A,346 

64.6 

13.1 

33 

.1 

76 

.0 

1.2 

.8.2 

2.9 

5.3 

1.2 

2.7 

1962  .   .  . 

15,42C 

64.3 

13.6 

33 

.2 

74 

.3 

1.2 

8.9 

3,0 

5,9 

1.3 

3.2 

1963  .  .  . 

17,093 

65.6 

13.3 

31 

.9 

73 

.9 

1.2 

9.4 

3.1 

6.3 

1.3 

3.4 

1964  .  .  . 

18,894 

66.4 

15.0 

31 

.1 

71.5 

1.2 

10,1 

3.3 

6.7 

1.2 

3.4 

1965  .  .  . 

20,091 

64.9 

15.4 

32 

.5 

70 

.6 

1.3 

10.5 

3.1 

7.3 

1.3 

3.5 

1966  .  .  . 

21,894 

63.9 

14.7 

33 

.4 

71 

.0 

1.4 

10.7 

2.9 

7.8 

1.3 

3.6 

1967  .  .  . 

23,205 

62.1 

14.6 

35 

.1 

70.6 

1.5 

11.2 

2.9 

8,3 

1.3 

3.6 

1968  .  .  . 

24,669 

60.6 

14.2 

36 

.5 

70 

.7 

1.6 

11.6 

2.9 

8.7 

1.3 

3,6 

1969  .  .  . 

25,686 

58.1 

13.6 

38 

.9 

71 

.3 

1,6 

11.5 

2.8 

8.6 

1.4 

3,6 

1970  .   .  . 

26,047 

56.7 

14.8 

40.1 

69 

.3 

1.8 

11.8 

2.8 

9.0 

1.5 

4.1 

1971  .  .  . 

26,745 

56.0 

15.5 

40 

4 

68 

5 

2.0 

12.0 

2.7 

9.3 

1.6 

4.0 

1972  .  .  . 

28,402 

55.9 

15.8 

40 

.5 

68 

2 

2.0 

12.1 

2.7 

9.4 

1.6 

3.9 

1973  .  .  . 

30,427 

54.1 

15.2 

42 

.3 

68 

8 

2.0 

12.3 

2.7 

9.6 

1.5 

3.7 

1974  .  .  . 

32,045 

52.9 

15.3 

43 

4 

68, 

7 

2.1 

12.1 

2.7 

9.4 

1.5 

3.9 

1975  .  .  . 

34,345 

52.9 

15.1 

1 

43.5 

69. 

5 

2.1 

11.7 

2.6 

9.0 

1.5 

3.7 

1976  .  .  . 

36.469 

51.7 

15.3 

44 

5 

69. 

1 

2.2 

11.8 

2.6 

9.2 

1.6 

3.7 

1977  .  .  . 

38.867 

30.5 

15.5 

45. 

6 

68. 

7 

2.3 

11.9 

2.6 

9.4 

1.6 

3.8 

1978  .  .  . 

4i.605 

49.4 

15.7 

46. 

6 

68. 

4 

2.4 

12.1 

2.5 

9.5 

1.6 

3.8 

1979  .   .  . 

44,761 

48.2 

15.9 

47. 

7 

68. 

0 

2.5 

12.2 

2.5 

9.7 

1.7 

3.8 

1980  .  .  . 

48,432 

47.0 

16.1 

48. 

7 

67. 

7 

2.6  . 

12.4 

2.5 

9.9 

1.7 

3.9 

SOUeCK:    Msrl'.eL  Fccts,  Inc.,  ''.^..iter  for  Qi'SntlCiclvo  Sciences.     Based  on  Table  2.30. 
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Sources  for  R&D  funds  and  funds  used  are  further  subdivided  by 
type  of  research  and  by  development  in  Tables  2.33  through  2,38.  Projection 
methods  were  the  same  as  those  described  for  the  preceeding  set  of  tables, 
That  is,   the  percent  di  ^ributions  were  projected  and  the  results  applied  to 
total  R&D  funds. 

In  terms  of  sources  of  funds,  increasing* proportions  were  allocated 
to  basic  research  through  19:^0  by  rh.:  Federal  government  and  by  universities 
and  colleges.     Thes'i  Increases  were  t^^^erally  at  the  expense  of  funds  for  de- 
velopment.    Industry  and  non-profit  institutions  other  than  universities  and 
colleges  showed  opposite   trends,  with  development  funding  tending  to  increase. 
There  is  a  clear  predominance  of  funding  for  development  by  the  Federal 
government  and  by  industry,  while  non-profit  groups  including  educational 
institutions  provide  the  largest  proportion  of  their  funds  for  basic  research. 

Tables  2.36  through  2.38  show  the  dollar  amounts  (current  and 
constant)  and  distribution  of  funds  used  by  sector  for  performance  of  research 
and  development.     Basic  research  activities  clearly  predominate  only  for 
universities  and  colleges,  where  they  accounted  for  53  percent  in  1960  and 
peaked  at  68  percent  in  1971.     Since  then  less  emphasis  appears  to  be  placed 
on  basic  research  and  more  emphasis  on  applied  research,  and  this  trend  is 
projected  to  continue. 

As  might  he  expected  industrial  performance  of  R&D  Is  heavily  de- 
velopment oriented,  with  generally  increasing  proportions  being  applied  to 
development  primarily  at  the  expense  of  basic  research.     The  Federal  govern- 
ment as  a  performer  allocated  an  increasing  proportion  of  the  funds  used  to 
basic  research  between  1960  and  1970,  although  the  proportion  was  not  large, 
17  percent  in  1970.     Projections  to  1980  indicate  that   the  decreasing  propor- 
tion allocated  to  basic  research  since  1970  v;lll  account  for  only  11  percent 
by  1980,  while  both  applied  research  and  developmient  will  gain  during  the 
same  period. 

2.2.2  ?AJ1  JiL"Atn&-J^..XL^J:^^  of  Science 

The  only  consistent   funding  information  by  field  of  science  is  the 
Federal  obligations  for  rc-scarch  and  development.     The  data  for  R&D  expenditures 
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Tiiblc  2.33      SOLRCKS  OF  FLUIDS  FOR  VA'MC  PvLSKARCH,  APj'LIFl)  KESI'ARCH 

AND  DFVKLOPMiuCT-''-,   BY  SFCTOR:  1960-1980 


(Millions  of  Dollars) 


] 

 V,  : 

Indus  c : V 

1 

Univcrsl clrs 

ind 

1 

OcScr  Ni^ny-fzfJ 
Ic-Jt  1  c.>:^'^n» 

Vjt*  

'j  :Vi'  i_  

Ar:)  'd 

::r.vf  1 

0«vj.l 

9tw  .  .  . 

i  6n 

1,725 

6,33''» 

331 

1,22S 

2,34? 

66 

11 

87 

38 

17 

95J  ,  .  . 

! 

1,?C^ 

6.619 

350 

1,197 

3,202 

69 

IX 

102 

45 

2x 

962  , 

i.on 

2,127 

6,7C8 

382 

1,473 

3  ^59 

102 

70 

U 

110 

57 

24 

962  . 

1,310 

2,205 

7,70-; 

414 

1,487 

3,543 

in 

72 

14 

129 

61 

28 

96i  .  ,  . 

1,595 

2,503 

8,455 

424 

1.596 

3,S60 

144 

77 

14 

138 

62 

2S 

965  ,  ,  , 

1,  ?17 

2,  653 

8,563 

445 

l,i  ',8 

4,433 

164 

88 

15 

143 

71 

38 

066  .  .  . 

1,53^ 

2,71) 

9,275 

496 

1,844 

4,977 

19C 

89 

18 

147 

85 

52 

567  . 

2,173 

2,874 

9,373 

477 

1,895 

5,762 

223 

102 

20 

156 

97 

53 

?€S  .   ,  - 

2,327 

3,020 

9,606 

518 

2,132 

6,347 

276 

97 

17 

165. 

107 

57 

?69  .  ,  , 

2.336 

2,9C2 

9,546 

519 

2,327 

7,152 

298 

105 

17 

175 

119 

60 

970  . 

2,4C9 

3,258 

9,037 

536 

2,406 

7,432 

350 

93 

13 

193 

130 

65 

971  ,  , 

2,379 

3,-'13 

9, 290 

556 

2.476 

7,785 

400 

115 

14 

209 

143 

65 

371  , 

2,528 

3,397 

9,960 

528 

2,601 

3,379 

428 

132 

16 

221 

152 

70 

373  , 

2,605 

3,670 

10,197 

561 

2,935 

9,ic4 

416 

158 

30 

215 

176 

77 

?7i*    .  . 

2,724 

3,992 

10,239 

5SU 

3,oeo 

10,242 

434 

214 

35 

239 

174 

78 

)75*    .  . 

2.765 

6,295 

11,100 

625 

3,265 

11,0^5 

44  5 

245 

40 

250 

165 

85 

PxoJtcrrGss'  

70  .  .  . 

2,  P.«^l 

6,544 

11, 430 

639 

3.304 

12,09  7 

492 

273 

44 

270 

205 

91 

77  .  .  . 

3,011 

4,321 

11,806 

653 

3,772 

13,290 

544 

305 

48 

292 

227 

97 

73  .   .  . 

3,15« 

5.133 

12.241 

667 

4,075 

14,55; 

605 

342 

32 

317 

253 

105 

79  .  .  . 

3.328 

5,433 

12,745 

6£1 

4,422 

16,237 

674 

3SA 

58 

346 

283 

113 

80  .   .  . 

3,525 

5,896 

13,343 

694 

4,822 

18,050 

754 

434 

64 

379 

317 

123 

:o-65  .  . 

16  2 

54 

35 

35 

35 

50 

128 

33 

36 

64 

87 

124 

36 

23 

6 

20 

45 

6? 

113 

11 

-13 

35 

83 

71 

7{>-7i  .  . 

i: 

32 

23 

17 

36 

47 

27 

250 

203 

30 

^♦2 

31 

75-20  .  . 

27 

37 

20 

11 

48 

6; 

69 

77 

60 

52 

71 

45 

65-?i  .  , 

S2 

62 

30 

40 

97 

149 

171 

178 

167 

75 

161 

124 

5F  cjcliwirc. 

jriut  TtcZi,   Inc.,  Center  for  Q«jda  1 1  c«  t  ive  Sclinces. 

Ct:     Theie  prcjk'ccctJ  lOK'^jatd  result  fron  ?;»pUcaCloi»  of  ?roJ*rCtIon  d  As  c  r  Ibu  c  Ion  .  h:.owti  oo  T«bl«  2.35.     Total  arounti  for  Saslc  anj  A;,;<lIoJ 
R<^cerc^  f-ni  Dcvelc^t.,*nt.  do  not  aJJ  co  firojcctcd  ar.oufita  shovo  oo  other  C^bUi. 

:t  T*blc  2,30  fcr  coc«U  for  KiD  by  ject^r. 

irCh:     Ndtior,4'.  Iclencc  Founvlatlon.  S>'.  lott.a  P^t; -yrna  >>f  7(%'J  Rriourc-s^  X^.^'^^Wj  (NSP  75-307). 
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TnbJc  2,34      SOURCES  01   ^U^nS  FOR  DASIC  RESr.AnCil,  APPl.TTD 
RESEARCi.  Ar;D  DI-VELOPMKNT,   BY  SECTOR 


(Millions  of  Constant  1967  Dollars)  ' 


1 

Joiversltlcs 

ar.d 

Other 

Year 

:r.:f'J3trv 

Colleq?r. 

1  Hani.: 

:  cvci 

p  ■  •■  : 

?^  1 ;  1  c 

•'•.•vol 

1960 

780 

1,964 

7,211 

377 

1,398 

3,357 

82 

75 

13 

99 

43 

19 

1961 

9/.  5 

2,028 

7,440 

393 

1,345 

3,599 

96 

78 

12 

115 

51 

26 

1  962 

1,213 

2,364 

7,457 

425 

1,637 

3,623 

113 

78 

14 

133 

63 

27 

1963 

1,437 

2,419 

8,453 

454 

1,632 

3,893 

133 

79 

15 

142 

67 

31 

1964 

1,723 

2,704 

9,134 

458 

1,724 

4,170 

156 

83 

15 

149 

67 

28 

1965 

.  .  . 

1,927 

2,314 

9,083 

475 

1  7SQ 
X ,  /  jy 

4 , 702 

174 

93 

16 

152 

75 

40 

1966 

•  •  • 

2, 050 

2,816 

9,572 

512 

1,903 

5,136 

202 

92 

19 

152 

88 

54 

1967 

•  •  • 

2,173 

2,874 

9,373 

477 

1,395 

5,762 

^23 

102 

20 

156 

97 

53 

1968 

2,237 

2,904 

9,236 

498 

2.050 

6,102 

2o5 

93 

16 

159 

103 

55 

1969 

2,189 

2,735 

8,756 

476 

2,134 

6,560 

2/3 

96 

16 

161 

109 

55 

1970 

2,147 

2,833 

7,858 

466 

2.092 

6.514 

304 

85 

11 

168 

113 

57 

1971 

.  .  . 

1,979 

2,756 

7,728 

463 

2, 060 

0  ,  *»/o 

333 

yo 

12 

174 

119 

54 

X7  /  Z 

2, 034 

2, 726 

8  015 

425 

2,093 

6.743 

344 

106 

13 

17h 

122 

56 

1973 

1,985 

2,797 

7,770 

427 

2,160 

7,227 

317 

120 

23 

166 

134 

59 

1974 

1,883 

2,760 

7,078 

411 

2,129 

7,030 

300 

148 

24 

165 

120 

54 

1975 

1,749 

2,717 

7,021 

355 

2,065 

6,987 

281 

155 

25 

158 

117 

54 

—  PROJECT 

io:;s 

1976 

.   .  . 

1,708 

2,693 

6,775 

379 

2,077 

7,170 

292 

162 

26 

160 

122 

54 

1977 

1,672 

2,677 

6,555 

363 

2,094 

7,378 

302 

169 

27 

162 

126 

54 

1978 

1,640 

2,666 

6,358 

346 

2,117 

7,613 

314 

178 

27 

165  . 

131 

55 

1979 

1,623 

2.679 

6,221 

332 

2,159 

7,926 

329 

187 

28 

169 

133 

55 

1980 

1,617 

2,705 

6,122 

318 

2,212 

3,295 

346 

199 

29 

174 

145 

56 

I960. 

65  . 

144 

43 

26 

26           26  40 

112 

24 

2  > 

54 

74 

111 

1965- 

70  . 

11 

43 

13 

-2 

19 

39 

75 

-9 

-  Jl 

11 

51 

43 

1970- 

75  . 

-19 

-4 

-11 

-15 

-1 

7 

-8 

82 

127 

-6 

4 

-5 

1975- 

•80  . 

-8 

-13 

-19 

7 

19 

23 

28 

16 

10 

24 

4 

1965- 

-75  . 

-9 

-3 

-23 

-17 

17 

49 

62 

67  56 
-  • 

4 

56 

■  35 

*Ualng  CrfP  Iropltclt:  price  deflator  (1975-1930  ::PA)  . 

SOURCE:     ^Urkct  Facta.  Inc.,  Center  for  Quant ttntlve  Sciences.     Based  on  Table  2.33 


112 

ERIC 


Table  2.35    SOURCES  OF  FIDS  FOR  BASIC  RESEARCH,  APPLIED  RESEARCH 
AiND  DEVELOPMENT,  BY  SECTOR:  1960-1980 


(Percent  Distribution) 


Federfll 

(100) 

Industry 
(ion) 

Universities  end 
Colleges 
(100) 

Other  Konprodt 
institutions 

(100) 

Ycnr 

App  Q 

Dcvcl 

App'd 

Devel 

BqbIc 

■  -  'W_"  

Devel 

Bnslc 

DpvcI 

1960  »  ,  . 

7  0 

If 

19  7 

72.4 

7.3 

65.4 

48.3 

44.3 

7.4 

61.3 

26.8 

12.0 

19S1  .  .  . 

0  1 

1Q  S 

71  4 

7.4 

67.4 

51.5 

41.8 

6.7 

60.7 

26.8 

.12.5 

1962  .  .  . 

11  n 

Df  .0 

55.1 

37.8 

7.0 

59.7 

28.4 

11.9 

1963  .  .  . 

11  7 

10  7 

17.  / 

fi^  7 
DO.  / 

65.1 

5B.5 

34.8 

6.8 

59.2 

28.0 

12.8 

1964  .  .  . 

1?  7 

1Q  0 

fi7  i 

7  ) 

61.3 

32.8 

6.0 

61.1 

27.4 

11.5 

1965  .  .  . 

13.9 

20.4 

65.7 

6.8 

67.8 

61.4 

33.0 

5.6 

56.7 

20.2 

15.1 

1%6  . 

U,l 

19.5 

66  J 

6.8 

60.0 

64,/ 

29.4 

5.9 

51.3 

2^.9 

18.3 

1%1  .  ,  , 

ij.i 

70.8 

04.6 

29.6 

5.8 

51.0 

31.7 

17.3 

196B  .  .  , 

u,b 

A/.  1 

7n  5 

7n  fi 

24.8 

50.2 

32.5 

17.3 

1969  .  .  . 

l\J»\J 

DHtU 

71  5 

/  JLiU 

25.0 

4.0 

49.4 

33.6 

16.9 

X?l\f   t    t  i 

Id./ 

Qi.  Z 

71  f 

71  9 

21.3 

2.8 

49.7 

33,5 

16.8 

1071 

X/l  k  I    I  • 

15.9 

22.1 

62.0 

!:! 

7?.fl 

75.6 

21.7 

2.6 

50.1 

34.3 

15.6 

17rA  *  I  * 

15.9 

21J 

62.7 

72.8 

74:3 

22.9 

Z.il 

1973  .  .  . 

15.8 

22.3 

61.9 

73.6 

68.9 

26,2 

5.0 

46.3 

37.4 

16.3 

1971  .  .  . 

16.1 

23.5 

60.4 

73.6 

63.5 

3L3 

5.1 

48.7 

35.4 

15.9 

1975  .  .  . 

15.2 

1 

23.7 

fl.l 

74.0 

61.0 

33.6 

5.5 

48.1 

35.6 

16.3 

■  PROJECTIONS 

1976  .  .  . 

15.3 

24.1 

6a.  6 

74.5 

60.8 

33.8 

5.4 

47.7 

36.'! 

16.1 

1977  .  .  . 

15.3 

24.6 

60.1 

75.0 

60.7 

34.0 

5.3 

47.4 

36.8 

15.8 

1978  .  .  . 

15.4 

25.0 

59.6 

75.6 

60.5 

34.2 

5.2 

47.0 

37.5 

15.5 

1979  .  .  . 

15.4 

25.5 

59.1 

76.1 

60.4 

34.4 

5.2 

46.6 

33.1 

15.3 

\m , » . 

15.5 

25.9 

58.6 

20.4 

76.6 

60.2 

34.7 

5.1 

46.3 

38.7 

15.0 

SOURCE:  HitkcC  F/icts,  Inc.,  Center  for  ^flntitfitlve  Sciences,  Bnnctl  or.  Table  2.33, 


Table  2.36      FUKUS  USi-I)  FOK  E.'/ IC  RESEARCH,  APPLIl-D  RESEARCH 
AND  DEVEI.OPMh::!^,  BY  SECTOR:  1960-1980 


(Millions  of  Dollars) 


Year 

1 

1 

Tot/I  J 

'  r    . '  1 

"'"it  Jew" 

.  Col_lr|^5_&J.r. 
"i 

L/C  1  r  1 1  i  rj}  



0[J.?r_ 



i  Oil 
!  :nv 

aV?  '  H 

~rr~T " 

~  ivvT  r 

r..i «;  J  c 

AiP'J 

i'tvtl 

19C0  ,   ,  , 

'  100 

595 

971 

376 

2,o2^y 

8,10^ 

533 

301 

17 

97 

122 

141 

433 

1?9 

3/i 

r 

117 

132 

61 

1961  .  .  . 

i  206 

63/. 

1,034 

395 

1,97; 

fl.  M6 

651 

327 

■j 

1 

1 

135 

160 

j 

1  536 
1 

192 

33 

126 

177 

88 

1962  .  .  . 

702 

1,145 

4B8 

2.449 

8.:  ' 

795 

219 

i 

155 

179 

j  659 
1 

205 

40 

161 

216 

113 

1963  .    .  . 

j    2  99 

730 

1,25C 

522 

2.457 

9,  I 

97  ^ 

241 

1 

1  SQ 

170 

201 

814 

227 

40 

180 

241 

152 

196A  .   .  . 

928 

1 , 346 

54  9 

2 ,609 

10,  J6J 

l,l?i 

434 

276 

1 

1 , 003 

232 

40 

1 94 

276 

170 

r>6'5  .  .  . 

1^-20 

1,639 

592 

2,6S8 

10,935 

1,3'.8 

i53 

274 

1 , 1 38 

279 

5/ 

210 

299 

201 

.  .  . 

I  <45 

1,047 

1,7?3 

624 

2.8i3 

12.081 

1,530 

535 

280 

Z 

196 

] ,  303 

328 

.  -  84 

226 

322 

233 

1%;  .  .  , 

[ 

1,10^ 

1,822 

629 

2.915 

12,641 

1,707 

593 

294 

1  457 

374 

90 

22; 

358 

2  51 

i?"iC  .   .  - 

502 

1,?04 

1,787 

642 

3.124 

13,663 

1,925 

635 

308 

276 

231 

212 

1,649 

404 

96 

21 

393 

269 

1969  .  .  . 

5f'5 

1,201 

1,737 

616 

3,287 

14,403 

1.982 

616 

347 

275 

210 

240 

1.70  7 

406 

107 

21  t 

429 

?S8 

1970  .  .  . 

646 

1»378 

J, 831 

629 

3.399 

14.034 

2,065 

643 

364 

216 

252 

\  796 

427 

112 

208 

J  70 

1971  ,  ,  , 

.33 

1,477 

2,144 

610 

3,384 

14,317 

2,174 

6S; 

358 

246 

1  yi4 

4  74 

112 

'75 

>02 

335 

1972  ,  .  , 

607 

1,/.81 

2.394 

579 

3,47J 

15,319 

2,274 

766 

399 

250 

226 

2,024 

540 

111 

245 

552 

313 

1973  ,  .  , 

585 

1,613 

2,A21 

605 

3,759 

16,573 

2,355 

931 

465 

297 

226 

294 

2.058 

705 

171 

255 

536 

329 

197A'  ,  , 

635 

1,834 

2.431 

640 

4,025 

17,355 

2,442 

1,C05 

426 

271 

303 

2.151 

734 

i: 

274 

596 

382 

197i'  ,  , 

655 

1,955 

2,590 

660 

4,370 

18,830 

2,450 

460 

305 

280 

325 

2,165 

780 

135 

280 

605 

390 

1976      ,  , 

£82 

2.123 

2,789 

662 

4,618 

19,923 

2. 656 

1,155 

494 

31'. 

291 

348 

2.340 

869 

145 

293 

658 

413 

1977  .  .  . 

712 

2,315 

3,014 

664 

4,808 

21.157 

2,8'.3 

1,?AB 

513 

32  5 

303 

374 

2,515 

971 

156 

307 

719 

440 

1978  .  .  . 

756 

2,572 

3,32\ 

667 

5,220 

22,564 

3,0S5 

1.3'^5 

"'i 

338 

317 

404 

2,713 

1,088 

169 

322 

787 

469 

1979  ,  .  . 

782 

2,786 

3,566 

672 

5,586 

24.183 

3, 299 

1.5'.? 

6?8 

352 

332 

438 

2,940 

1,2?4 

184 

341 

867 

504 

1980  .   .  . 

825 

3,081 

3,911 

677 

6,014 

26,074 

3,583 

}  ,713 

688  \ 

i 

369 

351 

476 

3,203 

1,384 

201 

362 

960 

544 

1960-65  . 

165 

73 

69 

57 

31 

35 

154 

60  57 

114 

67 

54 

163 

f 

56 

68 

79 

127 

230 

1965-70  . 

52 

34 

12 

6 

28 

28 

53 

33 

33 

29 

6 

16 

38 

53 

96 

-1 

58 

88 

19)0  75  . 

1 

42 

41 

5 

29 

34 

/I 

65 

26 

13 

30 

29 

22 

S3 

21 

35 

28 

3 

1975-CO  . 

26 

S8 

51 

3 

38 

38 

44 

62 

50 

21 

25 

46 

47 

77 

49 

29 

59 

39 

1965-75  . 

54 

90 

58 

11 

64 

72 

85 

119 

68 

47 

37 

50 

92 

180 

137 

33 

102 

9; 

*Kdrkwl  Vvctn,  Ij.c,  Center  for  Quantlia i Ivi:  ScUncee. 


Note:    \\*r<c  pio3<(tc.l  omounta  rco.ilt  fiur,  aj.pl  K-.u  lo>»  of  projection  cf  dl  ^trU.ut  Ion-,  show,  on  Table  2.18.    Total  fl'nounts  for  Por.ic  «nd  f.pp)lcd  Rcs^-nrch 
«ik1  Dfvrlopsc'fit  do  not  «J(J  to  pruJfCti.il  nn.^unto  shoun  on  url>i.r  cal^Kj. 

^S*o  Tabic  2.30  for  cottila  tur  K&D  by  sector. 

\  :dcea\l/  ru.-'.d  Ff.nrv.rc:.  L>.vclop.nrnt  Crt^ttrs  oJuilnlattTfJ  l^y  InJlv.'u'^jJ  iint  v  jf « 1 1  Ir  i  ntii  ccl  Ugcii.     txpcnJltuiCi  urfft.  1     ,.trr      by  InJu«try  -nd  otiicr 

nonprofit  IitucUul  lot.*;  nrt  InwIuJeJ  In  tin.*  tutal  i»f  their  rrma'tt  ivc  ac^tors. 

SOURCE:     K.itUmnl  Svlritcn  FounJ.itinn.  f^llj  ci'n  M'..iJ  f  rjji^lo/  J^^^^^  195'-I975  (SSF  75-307>, 
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Table  2.37      FUNDS  USED  FOR  BASIC  RF.SKARCII,  APPLIED  RKjEAKCH 
AND  DEVELOP:'i:NT,  by  SECTOR:  1960-19C0 


(Millions  of  Const.r-.it  1967  Dollars) 


1  It" 

11  r.-lt  1 

_InJii''trr 

Toul 

H  ft'. 

L  1 1. 

1 

Other  !fon?roflc 

Dvvr  1 

r>tf  V  1 

 ■"j.iiv:.  _ 

C  'Hir 

"Prvffl 

1960  .  .  . 

162 

677 

1, 105 

428 

2.  31C 

9,226 

603 

34  3 

159 

110 

139 

161 

493 

:o-'. 

39 

133 

130 

69 

1961  .  .  . 

23'' 

713 

1,162 

2,222 

9.594 

732 

3Cti 

219 

129 

152 

180 

602 

216 

39 

142 

199 

99 

1962  .  .  . 

?79 

730 

1,273 

342 

2.722 

9.479 

8«''. 

<',00 

243 

151 

172 

199 

733 

226 

44 

179 

240 

126 

1963  .  .  . 

328 

1,372 

573 

2.696 

10,569 

1,067 

436 

:64 

174 

187 

221 

693 

249 

44 

197 

264 

U7 

196^  .  . 

39J 

1,002 

1,670 

5913 

2,809 

11,195 

1,290 

469 

zn 

206 

218 

255 

i,or4 

251 

210 

293 

1S4 

1565  .  .  , 

450 

1,C92 

1,738 

623 

2.819 

11,393 

1,430 

512 

:n 

221 

216 

230 

1.207 

296 

60 

223 

317 

213 

196'^  .  ,  . 

i59 

1  OfiO 

1,783 

2,934 

12,467 

1.579 

552 

2S9 

234 

214 

202 

1,343 

333 

87 

233 

332 

240 

1967  ,  ,  , 

472 

i/o: 

1,822 

629 

2,915 

12,841 

1,707 

553 

29; 

250 

219 

704 

1.437 

374 

90 

221 

336 

251 

1968  .  .  » 

483 

^.,133 

1,713 

617 

3. 004 

13,136 

1,  851 

610 

296 

263 

222 

204 

1,585 

368 

92 

209 

378 

259 

1969  .  .  . 

518 

1,102 

1.593 

367 

3.015 

13,211 

1,818 

565 

313 

252 

193 

270 

1,566 

372 

93 

193 

394 

264 

1970  .  .  . 

562 

1.198 

1,592 

3/.7 

2,955 

12,202 

1,795 

55'J 

316 

234 

183 

219 

1,362 

371 

97 

131 

410 

329 

1971  ,  ,  . 

445 

1,229 

1,784 

507 

2,615 

11,910 

1.808 

:i9 

293 

216 

173 

205 

1,592 

394 

93 

137 

416 

279 

1972  ,  ,  , 

tes 

1,192 

1.927 

466 

2,793 

12.328 

1.830 

616 

32J 

201 

1S2 

232 

1,629 

433 

£9 

197 

444 

232 

1973  .  ,  . 

i46 

1»229 

1.845 

461 

2,864 

12,629 

1,795 

709 

354 

226 

172 

224 

1,563 

537 

130 

194 

408 

251 

1974  .  .  . 

439 

1,  763 

1 , 680 

442 

11.997 

1.  686 

695 

201 

167 

209 

1.467 

307 

6  3 

189 

412 

264 

1973  .  .  . 

414 

1,237 

1,638 

417 

2,764 

11.911 

1,575 

6M 

:9i 

193 

177 

206 

1,332 

493 

85 

177 

363 

247 

-  p.io: 

1976  ,  .  . 

404 

1,253 

1,653 

392 

2.737 

11,^)3 

1,5  74 

:  i  'i 

IK-j 

172 

206 

1,337 

515 

86 

174 

390 

243 

1977  .   .  . 

39i 

1,?05 

1,673 

369 

2,719 

11. 74 1' 

1.573 

70i 

:  V '. 

IflO 

166 

203 

1,396 

539 

67 

170 

399 

244 

1978  ,  ,  . 

393 

1,336 

1,725 

346 

2,711 

11,720 

1.537 

725 

17b 

165 

210 

1,409 

565 

83 

167 

409 

244 

1979  ,  .  . 

382 

1,360 

1.741 

3:9 

2,727 

11,807 

1.610 

7^3 

j'j; 

172 

162 

214 

1.435 

597 

90 

166 

423 

246 

1930  .  .  . 

379 

1,414 

1»794 

311 

2,759 

11.96  3 

1,644 

726 

169 

161 

218 

1,4  70 

635 

92 

166 

440 

250 

Pt.^c;-. 

1960-63  ,  . 

H7 

61 

57 

47 

22 

26 

137 

49 

101 

55 

43 

143 

43 

34 

66 

111 

209 

1965-70  .  , 

25 

10 

-8 

-13 

5 

5 

26 

9 

9 

-13 

-5 

29 

25 

62 

-19 

29 

53 

1970-73  .  . 

-26 

3 

3 

-24 

-6 

-2 

-12 

20 

-3 

-J6 

-6 

-6 

-12 

33 

-12 

-2 

-7 

-25 

1975-80  .  . 

-8 

14 

10 

-25 

4 

17 

9 

-12 

-«f 

6 

6 

29 

8 

-6 

13 

1 

1963-75  .  . 

-8 

13 

-6 

-34 

-2 

3 

10 

31 

0 

-13 

-16 

-10 

15 

67 

42 

-21 

21 

16 

UilnR  CT;P  lm;-llclt  price  tli-flrror  (19  lb- i'.-t'J  J.'?/.), 
SOUKCC:     Mrtrket  Taczrt,   Inc.,  Center  for  '^u^nt  1 1 « 1 1  vc  5r  J  l-ic«."*  .     ?.r!>f*«  nn  T,'?*;  2.1'.. 
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Table  2.38    FUNDS  USED  FOR  BASIC  RESEARCH,  APPLIED  RESEARCH 
AND  DEVELOPMENT,  BY  SECTOR:  1960-1980 


(Percent  Distribution) 


CollcRen  and  Universities 

Ye«r 

Federal 

(100) 

Industry 

(100), 

Total  Unlverelt'ca 
and  Collcf.es 
(100) 

FFRDC 
(100) 

Other 

(190) 

Other  Nonprofit 
Ingtltutlons 

(iOO) 

Baiilc 

Anp'd 

Devel 

Basic 

JppM 

Devd 

AppM 

Dcvd 

Devd 

Bddc 

AppM  Dcvcll  Bo!ilc 

1960  ,  .  , 

.9.3 

34.5 

56.3 

3,6 

19.3 

77.1 

52.7 

29,9 

17.4 

26.9 

33.9 

39.2 

67.0 

27,7  5.3 

37,7 

42.6 

19.7 

196).  .  .  , 

11.0 

33.B 

55.2 

3.6 

18.1 

7fi,3 

55.5 

27,9 

16.6 

2B.0 

32.9 

39.0 

70.2 

25,2  4.6 

32,2 

45.3 

22.5 

196:i  ,  .  . 

12.0 

33.5 

54.6 

4.2 

21.^ 

lU 

57.9 

26.2 

15J 

28.9 

33,0 

38,1 

72,9 

22.7  4.4 

32.9 

44.1 

23.1 

mi , . . 

13.1 

32.0 

54.8 

4,1 

19.5 

lU 

60.4 

24,6 

15.0 

30.0 

32.1 

37,9 

75,3 

21.0  3.7 

31.4 

42.1 

:6.5 

m , . . 

12.8 

32.7 

54.5 

4,1 

19.2 

76.7 

62.7 

22,8 

14.5 

30.4 

32.1 

37.5 

78,7 

18.2  3.1 

30,3 

43.1 

26.6 

1963  ,  .  . 

13.7 

33.3 

53.0 

4.2 

18.7 

77.1 

64.0 

23.0 

li.O 

33.1 

32.4 

34.5 

77.2 

18.9  3.9 

29.6 

«.l 

2S.3 

m} , . , 

13. B 

32.5 

51.7 

4.0 

7/. 7 

f]5J 

27.'^ 

11.9 

36.0 

32.9 

31,1 

7G.0 

19,1  4,9 

28,9 

41.2 

29.8 

.1%; . , , 

1,1.9 

32.4 

51.7 

:.8 

\1A\ 

n.k 

65.1! 

22.9 

11,3 

37.1 

32.5 

30,3 

75, B 

43.1 

30.2 

i%a . .  . 

34.5 

51.2 

3.7 

17.9 

78. ^ 

67.1 

22.1 

10,7 

38.4 

J2.1 

29.5 

76.7 

44.7 

30,6 

19G9  .  .  . 

34.3 

49.6 

3.4 

18.0 

78.7 

67.3 

20.9 

11.8 

37.9 

29,0 

33,1 

:6.9 

lOJ  '1,0 

46,1 

31.0 

i9;o  .  .  . 

16.8 

35.7 

47.5 

3.5 

18.8 

77.7 

67.2 

20.9 

11.8 

36.5 

29,3 

34.2 

76.9 

XQ.J  4.0 

10  7 

17,/ 

44,6 

35.7 

1971  .  .  . 

12.9 

35.5 

51.6 

3.3 

18.5 

78.2 

67.fi 

21.3 

11.1 

36.3 

29.3 

34,4 

76.6 

19.0  4.5 

21,2 

47.3 

31.5 

1977  .  ,  , 

13. J 

33.0 

53.4 

3.0 

17.9 

79.1 

66.1 

22.  J 

11.5 

37.7 

29.6 

37.7 

75.7 

20.2  4.1 

22.1 

49.7 

28.2 

1973  .  .  . 

12.7 

34.9 

52.4 

2.9 

18.0 

79.2 

62.fl 

24.8 

12.4 

36.4 

'^7.7 

36.0 

70.1 

24.0  5.8 

22.8 

47.8 

29.4 

197^1  .  .  , 

13.0 

37.4 

(19.6 

2.9 

18,3 

78.8 

63.0 

25.9 

11.0 

33.G 

31.3 

35.0 

71.5 

24,4  4.1 

21.9 

47,5 

30.5 

1975  .  .  . 

12.6 

37.6 

49.8 

2.8 

18.3 

78.9 

62.1 

26.4 

11.5 

33.5 

30.8 

35.7 

70.5 

25.2  4.4 

22,0 

47.4 

30.6 

.  PROJECTIONS 

IW  .  .  .' 

12.2 

33.0 

49.9 

2.6 

18.3 

79.1 

61.7 

26.9 

11.5 

33.0 

30.5 

36.5 

69.8 

25.9  4.3 

21.4 

48,3 

30.3 

,i9n . . . 

n.e 

38.3 

49.9 

2.5 

IB. 3 

79.2 

^1.2 

27.3 

U.5 

32.4 

30.2 

37.4 

69.0 

26.6  4.3 

20.9 

49.1 

30,0 

1975  .  . 

11.4 

38.7 

49.9 

2.3 

lU 

79.3 

60.6 

27.8 

1L5 

31.9 

29.9 

38.2 

68.3 

27.4  4.3 

20.4 

49.9 

29.7 

1979  .  .  . 

11.0 

39.1 

JO.O 

2.2 

lU 

79.4 

60  J 

28.2 

11.5 

31.4 

29.6 

39.0 

67.6 

28.2  4.2 

19.9 

50,7 

29.4 

1960  .  .  . 

10.6 

39.4 

50.0 

2.1 

lU 

79.6 

59.9 

! 

2B.6 

11.5 

30.8 

29.3 

39.8 

66.9 

28.9  4.2 

19.4 

■  51.5 

29,2 

SOURCBt  Mtrkttt  Pact0t  Inc.,  Center  for  ()uantltatlve  Scicnrea.  Dnscd  on  Table  2.36. 


over  timo  .ipponr  in  Nnt^i^n_.iJ_ j£tj: er^^^ 

in  t  h  e___Un  i_^t  ed  St.ites;  19  SJ-±97  5  (102).     Federal   Fund^_fox  >  Development 

and  O^hor__  Scienr  if  i_L  A^JL^X^ ll^liLi.  £^i_^liL^  gives  obli- 

gated funds,  over  time,   by  field  of  science.     These  data  cover  "all'*  perfor- 
mers,   incU'-^uig:     a)   industry,  b)    intramural,   c)  universities  and  colleges, 
d)  FFRDC's   (Federally  Funded  R^'.D  Centers),  and  e)  other  non-profit  groups 
(which   include  state  nnd  local  R&D  perforniers,  usually  a  very  small  percen- 
tage).    Also  included  in  the  Detailed  Statistical  Tables  are  trends  in  basic 
research  funding  obligations  and  applied  research  funding  obligations.  In 
these  statistics,  unfortunately,   "computer  science"  is  subsumed  by  mathematics. 
This  is  one  category  which  might  be  of  particular  interest  because  it  could 
include  R&D  in  the  development  of  scientific  and   technical  information  ser- 
vices . 

The  first  source  above  describes  expenditures  while  the  second  re- 
ports obligations.     Obligated  funds  are  not  necessarily  spent  in  the  same 
year,   especially  for  programs  stretching  over  several  years.     Federal  obli- 
gations are  used  in  this  section  to  examine  trends  by  field  of  science.  The 
trends  observed  may  be  expected   to  be  not   too  different  from  trends  for  over- 
all R&D  expenditures  considering  that  Federal  funds  constitute  moie  than  half 
of  all  R&D  funds.     Other  sources  of  data  by  scientific  discipline  which  may 
be  of  interest  are  described  below  for  comparison. 

Data  on  industry  R&D  by  field  of  science  is  found  in  Research  and 
Developmj?nJ_in_  Tnclj^  (107)  .  These  figures  reflect  expenJ  i  t  n  r ,  rather 

than  obligations,   for  basic  research  only.     The  field  of  science  c.   -  ries 
Ucrv  are  somewlfnt  different  than  those  in  Federal   funding  obligations  des~ 
crih^'d  previously,  again  without  a  separate  category  for  "computer  science 
and  engineeripg'*.     Applied  research  and  development  data  are  also  provided  but 
by  major  industrial  product  group  rather  than  by  discipline.     Such  a  break- 
down does  not  appear  to  bo  applicable  to  STT .     The  Standard  Industrial  Classi- 
fication  (SIC)  Manual  o  1  ass  i  f  i  ca  t         used  might  he  correlated  with  factors 
other   than  publishing  volume  within  specific   fields  and  provide  indicators 
of  commercial   interest    in  t!^e  information  field.     However,   this  would  take  us 
outside   tho  roalm  of  STT    it^-^e1f   inti^,   p^^rhaps,   the  commercial   viability  of 
informa  t  ion   indus  t  ry  ac  t  iv  i  t  i  us . 

1 1  U 


Resources  for  ScientifLc_  AI^^IYA^Jl^  Ji-]JlL"j-^^' Co  1 1  eges  (109) 
includes  stntistLcs  for  R&D  expenditures  at  institutions  of  higher  education. 
It  shows  current  dcllnr  ev^^endi tu res  for  R&D  by  field  of  science.  These 
figures  do  not  distinguish  between  basic  and  applied  resorirch,  since  tlie  sur- 
vey which  collected  this  data  did  not  make  this  distinction.     From  the  stand- 
point of  impact  on  STI ,   this  distinction  for  college  and  university  R&D  appears 
to  be  crucial.     Rcsou'T.es  also  presents  some  current  expenditures  for  in- 
strurtion  in  the  sciences  and  engineering  by  field  of  science  and  by  type  of 
institution  (i.e.,   those  granting  (ioctorate,  master's,  bachelor's,  and  no 
degrees) . 

R&D  expenditures  by  state  government  agencies  are  described  in 
Research  j3nj_ jevelopmen t  in  State  Government  Agencies    (108).  For  the  years 
of  these  surveys,   state  government  agency  expenditures  for  R&D  were  in- 
creasing.    It   is  uncertain  how  state  R&D  funding  trends  might   impact  the 
generation  of  STI,   since  state  agencies  may  not  place  the  s?me  emphasis  on 
publishing  as  colleges  and  universities,   nor  would   they  be  influenced  by  the 
proprietary  nature  of  R&D  in  industry.     In  addition,  approximately  50  percent 
of  state  funds  for  R&D  are  provided  by  the  Federal  government,  with  about  nine 
percent  of  state  and  R&D  expenditures  going  to  state  colleges  and  universities. 
One  of  r.be  impacts  of  tlio  ''new  federalism"  might  be  to  increase  the  correlation 
between  state  and  Federal  expenditures  to  the  extent  that  little  additional 
information  would  be  gained  by  observing  state  expenditures  separately.  It 
should  also  be  noted  that  a  large  ptoportion  of  state  R&D  expenditures  is 
concentrated  in  a  relatively  few  .states.     The   ratio  of  applied   to  basic  R&D 
expenditures  has  changed  significantly  for  states  during  the  last  10  years 
with  basic   researcii  loosing  ground,   a  factor  which  may  Impact  on  pablisliing 
growing  out  of  this  sector. 

A  common  problem  area  in  using  available,  published       itistics  can 
be  described  as  def  ini  t  irma  1 .     First,  definitional  categories  i.        by  data 
collectors  may  differ  from  year  to  year.     Second,   the  Interpretations  of 
questionnaire  respondents  of  these  categories  may  not  be  consistent.  Both 
of  these  problems   in  interpreting  existing  data  on  scientific  activities  are 
discussfd  at   length   in  th(j  NaticMiai   Research  Council's  PhvsL(-s  in  Perspective 
(89). 
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Fc  'iM'.'i  1   01)1       I.  i  ni;s  by  "^'^  i ' ■.j.<^...or  .''/'J_(.;n(  ' • 

DnL.'i  on  Fc-doral  ul)l  J  <;a  t  i  (<nr>  f  oi   '1-  v  :  1  (;|;;;;f  w  t  and  rcsearcli  by  field 
of  science  are  p.ivea  in  Tabic  2,39  and  2.^|0  f  er  cm  r»wiL  and  constani  dollars 
respectively.     Tbc  data  ai-e  graplied   in  ri[^M)*^'  2.9.     The  moy,v  drainaLic  funding 
increase   la  researcli  occurred  in  Social  Scl'':.re.s  v;here  total   research  funding; 
(in  cr.nsi.ant  dollarr,)   im-reasi.'d  23  percent   fra.:]  19^'):'   to  An  (tven  lar^^er 

relative  increase  was  observed   for  this  field  for  aj'plic.d  rer.enrcli  than  for 
total  resear:di.     Applied  research  as  a  \;hulr   incrc-a«-:f]  more  tlion  basic  re- 
search during  the  period,  but   the  'U.fft.rence  vas  iiot  large,   62  percent  and 
46  percent  respectively  in  current  dollars.     Constani   dollars  sho.'  decreases 
for  both  applied  and  basic  research. 

Projections  (1977-1930)  of  total  R^D  o'.     gations  are  bas?d  upon  a 
time  series  analysis  of  the  rates  of  increase  lu  cnt  dollars.     Rates  of 

Increase  r^nerally  declined  through  1968,  thcrefo  •  rhorter  period  (1967-1976) 
was  selected  to  provide  a  more  reasonable,  although  probably  still  conservative, 
estimate.     The  data  and  regression  equation  are  shov/n  in  Figure  2.8  below. 

Figure  2.8      ANNUAL  R/.TKS  OF  INCREASE  IN  FEDEI^AL  OliLT GATIONS  FOR  R5.D :  1967-19S0 


EKLC 


6 


1.  456  4  I.  I36x 


9  bO 


SOCHCE:    Vl.irkrr  Facts.  Z/.i.  .  ,  C«-n:cr  for  C  i-^  "  t'. '.^t :  ■.•» 

J  21 

76 


Table  2.39    FEDERAL  OBLIGATIONS  FOR  RESEARCH  &  DEVELOPMENT, 
BY  FIELD  OF  SCIENCE;  1960-1980 


(Millions  of  Dollars) 


SI 
SI 


Item 

RffliMrch  &  Develop:^ 

Totfll  Re?  •  rch 
Life  rclonccfl 
rhydcal  Scicncco' 
Fiivlron.:i(!ntnl  Sciences 

JVrl.ll  ;'''l''ri('i'« 
Otli'T  Jiii'-iMTrj 


u2 


i:nvIroprv':;tal  Sciences'* 

r':yi:!io!oj;y 
Sod"!  Sciences 
OLiicr  kUms 


a2 


Physical  Sciences' 
EtivlroniiQntal  Sciences' 
Hfltiicnitlca  ' 
Cnglacerlng 
Psycholngy 
Social  !^c^cncfl9 
Other  Scl{?ncc3 

Dovclopsiont 


I960 

1961 

19^ 

1963 

1964 

1965 

1966 

1967 

196B 

1969 

1970 

1971 

1972 

?,552 

9,059 

10,290 

12,495 

14,225 

14,614 

15,320 

16.529 

15,921 

13,641 

15,3^9 

15,574 

16,512 

2,620 

3,273 

4,0U 

4,46^ 

^1,854 

5,271 

5.273 

5,361 

5,228 

5,597 

6,074 

6,557 

'ill 

629 

eic 

922 

1,045 

1,167 

1,301 

1,451 

1,538 

1,499 

1,533 

1,673 

U932 

0/  n 

1,U*:9 

8S4 

931 

1,029 

1,077 

1,074 

1,132 

1,159 

1.012 

1,042 

1,I]9 

455 

671 

676 

W 

664 

656 

519 

575 

677 

7[13 

IJ 

in 

fl7 

Q1 

7  J 

U] 

119 

115 

102 

it.\j 

i  JU 

1,059 

J,4'i5 

1,450 

1,576 

1, 

l,5fil 

1,5/2 

l/)^0 

2,n;i 

3B 

51 

57 

12 

101 

100 

9.1 

1(14 

ll-'i 

116 

i:'(. 

y? 

IIP 

127 

195 

215 

?1J9 

310 

\}7 

l')0 

<)7 

11 

70 

7.'i 

r, 

'2 

111) 

72 

ini 

IK. 

610 

B25 

1,106 

1,}67 

1,690 

l,0iO 

2,056 

2,077 

2,0^.2 

2,132 

2, ill 

m 

238 

313 

3R0 

4^4 

^87 

552 

612 

612 

559 

5:6 

;  59r» 

729 

m 

W 

m 

515 

564 

639 

667 

m 

J31 

?19 

7^3 

783 

25?, 

310 

263 

29] 

315 

3'.2 

'  n9 

341 

•93 

1.1 

21 

2G 

52 

'■)7 

(.0 

65 

67 

57 

59 

52 

nr. 

n; 

135 

HI 

!<!>( 

UB 

1B5 

?.V^ 

220 

235 

1? 

21 

23 

47 

58 

53 

60 

55 

55 

57 

49 

5K 

1) 

18 

25 

34 

37 

44 

57 

61 

72 

65 

70 

BQ 

b 

8 

2 

2 

1 

2 

4 

4 

4 

11 

10 

5 

1,311 

l,79f) 

2,16r, 

2/i52 

3,]64 

3.431 

3,269 

3,30'i 

3,555 

3,9/,2 

4,r.r' 

3^1 

5/^2 

m 

6110 

7A9 

"  925 

9J0 

1,077 

1,2^.1 

289 

W 

369 

3fi7 

390 

410 

%\ 

401 

350 

307 

2<)8 

]% 

203 

361 

413 

458 

349 

314 

230 

234 

2C4 

329 

7 

19 

38 

^5 

41 

40 

62 

65 

53 

57 

68 

74 

61^ 

781 

9U 

1,30B 

1,316 

1.429 

1,514 

1,352 

1,387 

1.324 

1,746 

1,821 

1.730 

21 

30 

29 

35 

48 

46 

47 

<B 

44 

49 

56 

67 

68 

2? 

34 

^5 

55 

68 

90 

121 

132 

133 

W 

I'l^ 

234 

33 

m 

139 

55 

75 

68 

69 

92 

47 

69 

OB 

92 

lo; 

5,611 

6.438 

7,017 

8,454 

9»761 

9,760 

10,050 

11,256 

10,551 

10,413 

9,743 

9,490 

9,955 

(Continued) 


Table  2.39  (cont.)    FEDERAL  OBLIGATIONS  FOR  RESEARCH  h  DEVELOPMENT, 

BY  FIELD  OF  SCIENCE:  1960-1980 


(Millions  of  Dollars) 


1973      1974      1975^     19?6^     1977*     1976*     1979*  19eQ*_ 


Research  &  Developmnt 


M 
CO 


2 


Total  Research 
Ufe  SclenceB 
Physical  Sciences' 
FnvlronAental  Sciences' 
MathematlcB 
Engineering 
Psycliology 
Social  Sciences 
Other  Sciences 


16.821    17.438    18,905    21.652    23.796    26,«4    29.641  33,587 


2 


Basic  RpBearch 
Life  Sciences 
Physlcol  Sciences' 
Ftivlronmenlal  Sciences' 
Hntlimitlcfi 
l-nKlnoorlnp, 
Psychology 
Siif'l.il  Srli'nci'u 
(lllii'r  Srlciu-('fl 


2 


Applied  HcHcarch 
Life  Sciences 
Phyfllcnl  Sciences 
Fnvlroiimentnl  Sciences 
HnlliLtwtics 
F.nftl  nee  ring 
Pnychology 
SocKil  Sciences 
Other  Sdences 

Development 


6.500 
2.059 
1.126 
791 
126 
1.760 
116 
296 
226 

2.420 

758 
796 
445 
57 
20ft 
51 
78 
28 

4.080 
1.301 
330 
346 
69 
1.55^ 
66 
218 
197 


7.173 
2,389 
1.182 
876 
127 
2,003 
U3 
291 
160 

2,/165 
843 
797 
447 
49 

73 
16 

4.708 
1.546 
385 

428 
78 
1,BU 
93 
218 
144 


7.737 
2,471 
1,315 
960 
143 
2,202 
132 
343 
171 

2,596 
822 

89'' 
46: 
55 
210 
47 
1)2 
19 

5,m 

l,6/i9 
418 

1)8 
1,992 

85 
260 
151 


8.241 
2.348 
1.476 
1,028 
157 
2,545 
137 
356 
193 

2.689 
753 
1,000 
499 
59 
218 
4K 
91 
21 

5.551 
1,595 
476 
529 
98 
2,327 
90 
265 
171 


9,447 
2.938 
1,625 
1,152 
179 
2,730 
170 
416 
227 

3,284 
1.021 
1,113 
601 
76 
276 
66 
105 
23 

6,139 
1,909 
51D 
546 

m 

2,443 
104 
313 
203 


10,490 
3.262 
1,804 
1,280 
199 
3.032 
189 
462 
252 

3.6» 
1,134 
1.236 
667 

84 
306 

73 
117 

26 

5.817 
1.609 
4B3 
518 
99 
2.315 
99 
297 
192 


11.767 
3,660 
2.024 
1,436 
224 
3,401 
212 
518 
282 

4.090 
1.272 
1.387 
748 
94 
344 
82 

i:ii 

29 

7.647 
2.378 
635 
68! 

no 

3.044 
130 
190 
252 


13.334 
4.147 
2.293 
1.627 
253 
3.854 
240 
587 
320 

4.635 
1.441 
1.571 
B48 
107 
389 
93 
148 
32 

8.665 
2.695 
719 
771 
147 
3,449 
147 
442 
286 


Percen 


1960-65   1965-70  19 


10.321     10.265     11,168     13,411     14.349     15.934     17,874  20,253 


94 

ISO 

128 
n.a* 
n,a* 
320 
128 

112 

177 
183 
n*A. 
n*a* 

217 
93 
2U 
363 


138 
100 
n.a« 
n*n« 
586 
133 
119 
233 
106 


15 
31 
-2 
-15 

"3 
26 
11 
65 
3 

21 
18 
10 

30 
4 

S<) 
-2 
7(1 


12 
41 
-21 
-43 
-10 
22 
22 
60 


!hjange 

5    1975-80  1966-76 


78 


74 
69 
77 
75 
82 
71 
87 

79 
75 
75 

83 
95 
H5 


liB 

fi9 
63 
72 
S'i 
67 
73 
73 
70 
H9 

81 


41 

56 
80 
37 
37 
28 
51 
37 
lU 
167 

46 
36 
50 
71 
-2 
30 

107 

425 

62 
113 
16 
Ifi 
58 
5^ 
91 
119 
14H 

3J 


NSF  entlmate* 


EKLC 


Harket  Fads,  Ihcm  Center  for  Quantitative  Sciences, 

1 

Exclndf!S  R&D  Plants 

2 


I'hywla)  Sciences  and  EnvlronBental  Sciences  not  separately  Identified  priur  to  1963. 
Less  clina  5500,000. 


3 


SOURCR;  National  Science  Foundation.  Detailed  Statistical  Tables,  Federal  Funds  for  Research.  Ocyelopaent.  and  Other  Scientific  ActtvitieB. 
1960-1963  data:  Voluie  XXI,  1972, 
1964  dnla:  Vulinnc  XXIT,  1973. 
1965-1976  dfli.n:  Volnne  XXIV,  1975, 
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Table  2.^0    FEDERAL  OBLIGATIONS  FOR  RESEARCH  AND  DEVELOPMENT,  BY  FIELD  OF  SCIENCE:  1960-1980 


(Millions  of  Constant  1967  Dollars) 


I  rem 


*4 


Totnl  RrjMMrch  .... 
1.1  Sf  loners  .  .  . 
riiv<iltMl  Si'lrn'  e?^'^  . 
);nv|riMiit«i7if.i|  Sriciiccs 
^li!lii<iii,il  {('«;  .  .  »  . 
rii);itii-i'r  hi);  .... 

r'»Vi'!m]t'i;v  

Si'i  1 1 1  '»*i'iriif('*i  .  . 
iMlici  'm'  I'ln  v'i  ,  .  . 


Uri.Mi'Hi  .... 
Li  I  \'  S<  ii'ii*  cH   ,  ,  , 

rtu'li'i'iini'iilil  ScliMiccs 
\U\\\  .    .  . 

r       .  ,  ,  , 
r:;Vtli<»liti;y  

Si' I  rue  CI   ,  , 
i»ili»'r  Sri (';)<■  I'fl  .  .  , 

Ap|i[  I  I'll  Ki'siMii'li  .  ,  i 
1.1 1 0  Srii'iicr'l  .  .  . 
I'll  /;,  in  I  ;>l('iicnrt^  • 
I'liv lii'iiiK'utal  SrliMiCpd 
M.KluT'j;  Ir';  .  ,  ,  , 
b;'.liiivriit}:   ..  .  ,  - 

l';;yi  IikIi'i'.V  

Sffl.il  IVinn  C.^  .  . 
(Ulirr  Scirni.'i'.n  .  .  « 

(V?v<*|opiiu'(U  


[  lUW 

1  jn/ 

1  Ml  J 

I  Of/. 

r'fw 

1  n/.n 

 ^190"^ 

 1970^ 

19/1 

1972 

H,5')7 

10,132 

11,710 

15/iOI 

15,810 

16,529 

15,307 

14,347 

13,338 

12,536 

13,2I!« 

2,210 

1  n/  C 

1  tin 

/  011 

Stl2Z 

5,]<i8 

c  /  y  ft 

5,2/3 

C  IK/ 

5,154 

4,795 

4,P67 

5,053 

5,277 

5i12 

ml 

900 

1,012 

1,129 

K238 

l,3^i3 

1,451 

l,!i3B 

1,1/5 

1,333 

1,192 

1,595 

967 

970 

l,00fi 

J, 091 

1,111 

l,0?/i 

l.OHB 

1,0/? 

38fl 

H67 

917 

72!i 

717 

77} 

&ff/l 

(ill 

4'IJ 

5C0 

610 

:'H 

71 

9^ 

100 

127 

130 

114 

105 

89 

1(10 

l't9 

/Hfi 

9/1 

1,17/ 

\/M 

l,fW2 

l,73f> 

J.5M 

1.511 

1,'1H4 

1,722 

1,697 

1,)81 

h  1 

(l  1 

/I 

If'l 

lO'l 

1  AT 

lull 

'14 

99 

% 

10] 

MI 

SI 

/(I 

HB 

no 

115 

\n 

i;i/ 

19/ 

;v.i 

.'VJ 

III 

l/llt 

;'ii 

|(lf. 

111 

V^ 

^ri 

M 

M 

114 

<n 

f)'l'» 

92/ 

i.f.'O 

1.7')) 

2,on/i 

J, 977 

1,'jir. 

1.775 

i.;74 

1,'J'.0 

\% 

268 

3/.f! 

■'-17 

^17 

M2 

m 

SOI 

496 

3f-l 

Ml 

27(1 

m 

33^. 

f)7R 
279 

f)8H 
300 

713 
315 

70] 
329 

7')1 

612 

296 

618 
327 

')3n 
l'»5 

20 

7h 

29 

% 

f»0 

62 

65 

64 

51 

43 

SI 

N7 

9? 

12') 

IM) 

ju 

r>f) 

m 

178 

1/0 

201 

ISl 

If'/ 

19 

2/i 

11 

39 

51 

f>2 

fiO 

53 

50 

41 

4? 

<1 

12 

?0 

27 

37 

)7 

^9 

r.r. 

57 

n4 

.  3 

2 

2 

'\ 

c 

2 

/i 

4 

Ill 

4 

S 

7 

2,019 

2, /.OR 

3,131 

3,Vj1 

3p269 

3,1/7 

1,(191 

3.1:7 

Ml 

m 

773 

11 VJ 

)li|') 

811 

^% 

32') 

^72 

273 

^% 

390 

^23 
i73 

3M 
349 

3fii. 

iii; 

/:i 

26? 

20] 

''♦('» 

2]r. 

a 

21 

i2 

/.9 

k'i 

3) 

6^1 

f.5 

SI 

52 

37 

S7 

i,iu> 

1,562 

1,382 

K334 

1,?14 

l,SiR 

1,51', 

l:i?2 

2/. 

]/♦ 

32 

30 

52 

^9 

48 

42 

/.5 

55 

31 

3fl 

:»o 

OO 

71 

93 

125 

132 

I2H 

111 

125 

195 

186 

■Jfl 

139 

2iO 

IDA 

ei 

72 

71 

92 

45 

63 

sq 

;? 

36 

7,237 

7,800 

9,276 

10,3^2 

10,372 

11,256 

10,154 

9,^^»l 

(1,471 

7,895 

8.011 

(Contlniicil) 


ERIC 
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Table  2.^i:  (cont.)    FEDERAL  OBLIGATIONS  FOR  RESEARCH  m  DEVELOPMENT,  BY  FIELD  OF  SCIENCE:  1960-1980 


(Millions  of  Constant  1567  Dollars) 


CD 

o 


,  It^  ^ 

feacarch  f>  Dovdopncnt^ 

Total  Fcnc/irch  

lite  Sclcncci;  

riiyslcnl  Scici^ccfl^  .  ... 
Envlrcnre:i:al  Sciences  . 

HAtIic3iatlcfl  

Engliipcrlnp, 

Fsydiolojiy  

Social  Jiclciiccfl  ,  ♦  ,  , 
0:!icr  Eclcncsa  

Busk  Rescirch  

Life  Sclcncci  .  *  ,  ,  > 
Pliyrlccl  SclcnccQ^  .  ... 
EnvIr^Tinintrl  Cclcnccrt  , 

Illltk-rtntlcfi  

Efin'i-f'rliip,  

^r.^^hoh)-y  

Sociil  !;c.lc;ic<*fl  .  .  ,  , 
OAix  Sciences  

Applied  Rcinnrch   

Llf^  flclcnccn  •  .  •  •  » 

Snvlrcnnirnral  SclcncM  ♦ 
H.it!iCMMcf^  ...... 

Ln^.ln'icrhg  

Pnycliolo^y  

Sccl/il  SclcnccD  .  .  ,  , 
Other  Scfcncci   

Devdeprcnt  


1973      1974      im  m(, 


Jorccnt_ChMj«_ 


M.  Wl^lM-^^M—^^^)^m:!LJE'^   1975-80  1956-7S 


12,818    12,054  11,958 


4,953 
1,3M 

355 
GO] 

96 
l,3''il 

83 
226 

1?;. 

1,8W 
578 
607 

3:? 

0 
157 
39 
59 
21 

3,109 
997 
251 
2C4 
53 

1,184 
50 
165 
150 


4,959 
1,651 

817 
COO 

83 
1,385 

99 
201 
111 

1,70'. 
563 
551 
309 
3'i 
131 
34 
50 
11 

3,255 
1,069 
2C6 
!S0 
54 
1,234 
64 
151 
103 


4,894 
1,563 

832 
607 
90 
1,393 
83 
217 
108 

1,642 

520 
558 
2?3 
35 
133 
30 
52 
12 

3,252 
1,04] 
264 
314 
50 
1,260 
54 
164 
96 


7,505     7,055  7,054 


12,833 

13,211 

13,735 

14,469 

15,410 

4,884 

5,245 

5,''<9 

5,744 

6,110 

1,392 

1,031 

1,694 

1,787 

1,903 

375 

90! 

937 

6C9 

w 

93 

5? 

Jf 

Ilu 

1,506 

1.514 

81 

JO 

101 

1  in 

IIU 

211 

231 

2<n 

ijj 

114 

126 

13' 

Mil 

1,554 

1,B2J 

1,834 

1,996 

2,127 

446 

567 

539 

621 

651 

593 

'615 

642 

677 

721 

296 

334 

345 

365 

3f? 

35 

42 

45 

45 

129 

15] 

IS'J 

168 

173 

20 

31 

38 

40 

43 

5') 

51 

Cl 

64 

(S 

12 

13 

14 

14 

15 

3,290 

3,4CJ 

3,021 

3,733 

3,976 

945 

1,0611 

940 

1,161 

1,2.16 

232 

203 

251 

310 

330 

314 

303 

259 

332 

354 

53 

5J 

51 

63 

67 

1,379 

1,335 

1,202 

1,406 

1,532 

53 

58 

51 

53 

67 

157 

17ii 

154 

190 

203 

101 

113 

100 

123 

131 

7,949 

7,966 

3,276 

8,725 

9,292 

Mrz  C;.7  Inplldt  prica  deflator  (.'.975-1980  !,?A). 

''L'.cludci  WD  ricnn. 
2, 


'Physical  Sclcnccn  cni  Javlronacntal  ScImccj  not  stpariitcly  IdcntltloJ  prior  to  1963. 
'liti  tr.Q  05CO,CCO. 

tvmi  ihthl  ?«t9,  Inc.,  Center  for  Quaiitltstho  Sciences.  Ditcd  on  Tabl«  ?,.39. 


in 

Aft 

a 

-IJ 

133 

-5 

1 

25 

-10 

113 

8 

17 

22 

4 

:-z, 

-19 

-5 

26 

-21 

I'.S. 

-39 

23 

-:i 

In/ 

-20 

1 

29 

-27 

113 

3 

-19 

27 

-13 

133 

-9 

-16 

33 

-21 

233 

35 

19 

24 

23 

55 

-15 

71 

35 

5C 

158 

-1 

-7 

11 
jt' 

-10 

164 

-3 

4 

27 

-22 

n.s, 

-10 

-7 

27 

-14 

n,.'.. 

6 

A 

33 

-1 

200 

-15 

-31 

''0 

-44 

79 

30 

-34 

34 

-25 

226 

-19 

-40 

43 

-49 

333 

46 

-9 

31 

20 

100 

200 

25 

203 

122 

-0 

5 

22 

-7 

85 

13 

26 

19 

22 

n.n. 

-:0 

-1 

25 

-33 

n.Q. 

-54 

55 

13 

-34 

53C 

-27 

51 

20 

.« 

117 

-17 

•25 

-12 

104 

19 

24 

8 

205 

32 

31 

35 

23 

t9 

-18 

63 

35 

'■2 

62 

-18  . 

•17 

32 

-23 

12!) 


ERIC 


FlBiirL-2.0      Fnni'HAI,  ni^I.TCATTONf;  KOk  VU),  liV  FIF.I.n  nr  SCIMNCK:  lOMy-lOP.o 


Indlvldtial  projections  for  development  and  research  by  field  of  science  were 
then  calculated  u.^ing  a  5-year  average  (1972-1977)  of  distribution  of  total 
obligations,   thus  producing  a  static  distribution  for  all  projection  years. 
The  resulting  percentages  were  applied  to  projected  total  R&D  obligations. 

The  relative  importance  of  scientific  discipline  is  shown  on  Table  2.A1 
where  Federal  obligations  are  shown  in  a  percent  distribution.     In  1975,  Life 
Sciences  and  Engineering  clearly  predominate  total  research,  accounting  for 
approximately  30  percent  each.     Predominance  of  these  two  fields  is  maintained 
in  applied  research,  where  Engineering  actually  takes  the  lead,  not  unexpectedly. 
In  terms  of  basic  research.  Life  Sciences,  although  still  accounting  for  nearly 
32  percent,  takes  second  place  to  Physical  Sciences.     Environmental  Sciences 
accounts  for  18  percent,  ahead  of  Engineering's  8  percent. 


1 :]  i 
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Tab]o  2.A1       Fi-DI'KAI,  OIU, J CAV J 0::r  H)R  lU-SllAUCii  AND  DEVELOPMliNT, 
HY  FlKLl)  or  SCI]  19GO-3  98U 


(PerconL  Distribution) 


ttr« 

-  •'^^ 

;  T  *  i, 

:  -  7; 

_  UJJ 

_1')J_S 

I9n 

1'}J9 

R99»i4ri:h  &  ?»•■/••  I",'- r,>c  ^  , 









- 









74.3 

71.  1 

68.  J 

67.  7 

h(i .  8 

65,  ^ 

«i.l 

5'..  3 

63.5 

iZ.f 

60.3 

61.4 

58.9 

39.1 

61,9 

60.3 

60.3 

M.3 

60.3 

Tocil  l«««.«r<'^    ■   .   .  . 

25.7 

24.9 

]I.  8 

3:.  3 

31.; 

33.  2 

3 '..4 

3 1  .S 

3  K  7 

3 ) .  4 

3*» .  5 

31.0 

3? .  7 

38  .< 

41.1 

40 . 9 

38.1 

39.  7 

39  7 

39  7 

39  7 

Mate  fsteifK:!  

8 . 1 

1 

10.  7 

11 .  1 

11.0 

11.6 

12.0 

17.1 

12.9 

13.3 

1 }.  3 

13.7 

14,/. 

14.4 

14.1 

13.7 

12.4 

13.8 

13.8 

13.8 

13,8 

Applied  R'vaarch     .    ,  . 

Tocal  Ri>w<ratch  

Llf#  Stlcfcei   

17.6 

19. 

21.0 

2t .  2 



23.4 



21.6 

22.4 

19.8 

20.8 

::.i 

2.1.2 

25.3 

25.1 

24.3 

27.0 

27.2 

23.6 

23.8 

25.8 

25.8 

25,8 

2&.  j 

24.0 

24.7 

22.8 

2;.o 

24.7 



27.5 

—  100 
23.7 

_ 

23.7 



2  7.4 

27,5 

30.2 

31.7 

33.3 

31.9 

28,5 

31.1 

31.1 

31.1 

31.1 

fh)r«lc«l  Scl*nc»n^.   .  . 

21.9 

20.9 

2t.: 

20.4 

;fj.4 

21. 1 

2: .  i 

H.l 

17,2 

17.4 

17.3 

16.3 

17.0 

17.9 

17.2 

17.2 

17.2 

17.2 

|,.,. 

12.8 

31.4 

Cnv  1  rcfVKnca  1  Scltnrrs^ 

11.3 

is.o 

13.9 

14.: 

12,6 

12.2 

10.  3 

10  3 

:i .  I 

11.9 

12.2 

12,2 

12.4 

12,3 

12.2 

12,2 

12.2 

12.2 

1.1 

l.S 

2.0 

2.2 

2. 1 

2.2 

2.3 

2.5 

2.2 

2.2 

1.5 

2.0 

2.1 

l.» 

1,J 

1.8 

1.9 

1.9 

1.9 

1.9 

1.9 

EAtln*«-clni  ...... 

3J.0 

32.4 

35.9 

32.  > 

12.5 

31 .9 

2'>.6 

2? -3 

23.9 

35.4 

33. !> 

30.3 

27.1 

27.9 

28.3 

30.9 

29,9 

28.9 

28.? 

28.) 

2.0 

1.9 

1 . 7 

1.8 

2.1 

1.9 

2  0 

1  i 

2  0 

2  0 

I  3 

1  J 

1  8 

2  0 

8 

1 

1 .8 

Social  Scia'tr»9  .... 

l.S 

1.7 

1.9 

2,0 

2.3 

2.6 

3.1 

3.6 

2.b 

4,1 

3.7 

5.3 

4.7 

4.6 

4.i 

4.4 

4.3 

4.4 

4.4 

4.4 

4.4 

OcK«r  ScltHLOS  .... 

1.7 

S.O 

S.8 

2.; 

1.: 

1.4 

1.4 

1-3 

l.i 

L,5 

1.3 

1.7 

1.8 

3.3 

2.2 

2.2 

2.3 

2.4 

2,4 

2,4 

2.4 

taatc  R«t«.trch  

Llf«  S^lr'Krf  



-  r.o 

28.2 

:fl.3 

27.4 

:8,iJ 

:o,i 

29.  3 



:.'.4 

2^.2 

30.2 

31.3 

34.2 

31.7 

28.0 

31,1 

31.1 

31,1 

31.; 

Phytic  a  1  Self"..:**  ^.   .  . 

37.1 

36.  J 

37,3 

3'J.  2 

35. £- 

25.6 

29.  * 

J-.  5 

32.5 

32.3 

34.6 

37.2 

33.9 

33.9 

33.9 

33.9 

)„., 

53.; 

10.1 

19. d 

:s.6 

15.8 

15.7 

16, a 

14.9 

16.7 

14. < 

13.4 

13.1 

17.8 

13,  6 

;8.3 

15  ,3 

18,3 

18 . 3 

K«ch*OdCic«   

3.0 

2.5 

2.4 

3.  j 

3.3 

3,^ 

3.3 

3.2 

3.3 

2,7 

2.9 

2.6 

2.4 

2.0 

2.1 

2.2 

2.3 

2.3 

2.3 

2.3 

}2.S 

9.9 

10.5 

9.9 

S.  6 

8,7 

9,1 

3.9 

9.0 

5.9 

11.5 

:o,3 

9.7 

8.3 

7.7 

8.1 

8.1 

8.4 

8.4 

8.4 

8.4 

P«ycSolo|/   

2.S 

2.S 

2.i 

2.6 

3.0 

3.4 

2,9 

3,0 

2.7 

2.  6 

2.8 

2.3 

2.4 

2.1 

2.0 

l.S 

1.8 

2.0 

2.0 

2.0 

2.0 

XocHI  5tl*'>:r«  .... 

1.3 

1.  j 

1.6 

1.8 

2.2 

2.8 

3.0 

3,5 

3.2 

3.3 

3.3 

3.2 

3.0 

3.2 

3.4 

3.2 

3.2 

3.2 

3.2 

Och«r  SeltrKea  .... 

_3 

I.O 

0.2 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.5 

0.2 

O.i 

0.4 

1*2 

0.6 

0.7 

0.8 

0.7 

0.7 

0.7 

0.7 

ApplifJ  Res.'jrcN  .... 
Life  5cl«nr.««  

25.5 

:i.9 

21.0 

20 .  -. 

21.5 

21. R 

2  5.7 

-  ::o  - 

2S.0 

2j.i 

26.9 

30.2 

31.9 

32.8 

i2.1 

28.7 

31.1 

31.1 

31.1 

31.1 

Ph/alol  5ct*ncc«^.    .  . 

13.9 

:. ; 

12.3 

11.? 

12.1 

;i.i 

9.6 

7.6 

8.6 

8.1 

8.2 

8.1 

8.6 

8.3 

9.3 

8,3 

8.3 

n.i 

23.2 

19. f> 

lovlro'w^i  n'.a I  Scl«n^ea^ 

7.7 

.2.5 

13.1 

13.3 

KV7 

J. 5 

7.3 

6.6 

7.2 

7.9 

8.3 

9.1 

9.7 

9.5 

8.9 

1,9 

8,9 

8.9 

Ma'.hria:l-«  

o.s 

1.1 

1.8 

1.7 

1.5 

l.S 

2.3 

l.*» 

1,8 

1.2 

1.7 

l.S 

1.7 

1.7 

1.7 

1.8 

1.7 

1,7 

1,7 

1,7 

Inj  l^i^r  -  lf>i  

1 

t).  S 

i^.3 

i .  <• 

-5. 

i4.  1 

i2.3 

42,0 

42,0 

49.1 

44.2 

41.7 

38,  1 

38.5 

38.7 

41.9 

39.8 

39,8 

39.8 

39,8 

1.& 

1.7 

1.3 

1.3 

1 .  7 

1.5 

1.4 

l.S 

1.3 

1.6 

1.6 

1.2 

1.6 

1.6 

2.0 

1.7 

1.6 

1.7 

1,7 

1.7 

1.7 

SucUl   :ct«'it.t«  .... 

2.0 

1.9 

2.1 

2.1 

2.  J 

2.i 

3.  J 

4.n 

4.0 

4.5 

4.0 

5.9 

5.6 

5.3 

4.6 

5.1 

4,8 

5.1 

5.1 

5.1 

5.1 

Oth*r   Svlrricrs     .    .   ,  . 

2.S 

&.9 

3.7 

3.6 

2 ,  t 

2.1 

J.O 

2.  ? 

1.  i 

2.2 

:  .9 

2.3 

2.^ 

4.8 

3.1 

2.9 

3.1 

3,3 

3,3 

3.3 

3.3 

4«cl..d«»  *U0  hUr.c. 
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Federal  Obllgatio ns  for  Sclent IFlc  and  Technical  Information 


The  same  NSF  source    (100)   that  provides  Federal  obligations   for  R&D  by 
field  of  science,  includes  data  for  Federal  obligations  for  scientific  and  tech- 
nical information.     These  data,  because  they  indicate  trends  at  least  in  the 
Federal  establishment,  are  presented  in  Tables  2.42  and  2.43  in  current  and 
constant  dollars  respectively.     Fairly  steady  increases  were  observed  between 
1960  and  1975,  during  which  time  obligations  increased  more  than  500  percent 
in  current  djllars.     In  constant  dollars,  increases  were  observed  through  1968, 
amounts  were  fairly  constant  through  1973  and  then  began  to  decrease.  Almost 
half  of  Federal  obligations  for  scientific  and  technical  information  are 
allotted  to  documentation. 

In  contrast    to  these  data,  collected  by  NSF  as  part  of  the  annual  Federal 
R&D  funds  survey,  another  source  of  statistics  on  Federal  obligations  for  STI 
is  fctni  in  a  report  for  COSATI  (148)  which  covers  the  years  1969-1973  only. 
The  contrast  occurs  not  only  in  the  magnitude  of  the  total  dollar  amounts, 
but  in  the  rate  of  increase.     For  1973,  the  COSATI   (148)  study  has  a  total  of  93: 
million  dollars,  more  than  double  the  NSF  total  of  only  438  million.     In  addi- 
tion, over  the  five  years  of  the  COSATI  data,  a  38  percent  increase  was  ex- 
perienced, while  the  increase  for  the  NSF  source  was  only  21  percent.  The 
COSATI  data  is  tabulated  on  Table  2.44,  which  also  shows  amounts  allocated 
to  two  sets  of  sub-functions  and  activities.     These  breakdowns  are  difficult 
to  compare  with  NSF's  four  categories  and  quite  obviously  are  based  upon 
different  definitions  for  the  various  categories. 

Both  sets  of  Federal  STI  data  are  plotted  in  Figures  2.10  and  2.11 
showing  trends  for  both  current  constant  dollars  and  increase  over  the 

five  year  period. 


13J 

84  • 


Tnbif  7.h2     1  r,Di;r.'.i,  oni.ii-AMoMs  Koi;  :u:Tr:;rrrf'ic  a;.'1)  t 

ir;ro!;MATio;;:  ].'J60-1980 


rClINICAI. 


(Milliouii  of  DoHfirR) 


Year 

Tnt.it 

end 

a :  1 0  n  

AudlovJ 
and 

^             _  Sj;.*r:M)_n  i  1 

1 1 

R&D  in 
Infor&idoa 
Sct«ncr 

* 

! 

t.  ' ' 

1960   .  .  . 

75.9" 

37.0 

46.7 

28.4 

37.4 

7.t. 



10.0 

2.9 

3.8 

19C1   .  .  . 

91.6 

48.7 

53.2 

1 

29. C 

31.7 

6./ 

7.3 

7.2 

7.9 

128.  5 

i5.7 

43.3 

4?. 4 

33.0 

17.0 

13.2 

13.3 

10,4 

1963   .  .  . 

164.5 

t7.7 

41.2 

64.0 

38.9 

21.0 

12.8 

11.9 

7.2 

1964   .  .  . 

203.2 

59.9 

29.5 

90.8 

44.7 

22.7 

11.2 

12.6 

6.2 

1965  .  .  , 

224.7 

68.2 

30.4 

102.0 

45.4 

32.0 

14.2 

22.5 

10.0 

1966  .  .  . 

277.7 

82.7 

29.8 

124.6 

44.9 

22.5 

8.1 

48.0 

17.3 

1967  .  .  . 

324.4 

87.1 

26.8 

152.5 

47.0 

31.7 

9.8 

53.1 

16.4 

1968  .  .  . 

359.2 

100.7 

28.0 

165.6 

46.1 

34.1 

9.5 

58.8 

16.4 

1969  .  .  . 

362.5 

96.0 

26.5 

170.9 

47 . 1 

31.8 

A  ft 
0.0 

63.7 

17.6 

1970  .  .  . 

386.8 

98.9 

25.6 

198.1 

51.2 

32.6 

8.4 

62.1 

16.0 

1971  .  .  . 

397.6 

106.0 

26.7 

193.3 

48.7 

32.8 

8.2 

63.0 

16.3 

1972  .  .  . 

419.4 

116.6 

27.8 

196.5 

46.9 

36.3 

8.7 

69.7 

16*6 

1973  .  .  . 

437.9 

122.6 

28.0 

198.0 

45.2 

37.9 

8.7 

79.4 

18.1 

1974  .   .  . 

442.8 

129.1 

29.2 

199.4 

45.0 

35.0 

7 . 9 

79.3 

17,9 

1975^    .  . 

464.2 

140.7 

30.3 

211.4 

45.5 

37.7 

8.1 

74.4 

16.0 

1976^     .  . 

492.0 

151.2 

30.7 

220.5 

44.8 

38.0 

7.7 

82.3 

16.7 

235.8 

::oNs*   

1977  .  .  . 

518.3 



151.3 

29.2 

45.5 

42.5 

8.2 

Qfl  £ 

17.1 

1978  .  .  . 

547.2 

159.8 

29.2 

249.0 

45.5 

44.9 

B.2 

93.6 

17.1 

1979  .  .  . 

579.1 

169.1 

29.2 

263.5 

45.5 

47.5 

8.2 

99.0 

17.1 

1980  .   .  . 

614.2 

179.3 

29.2 

279.5 

PEPXKNT 
259 

45.5 

aiy\:;cs  

50.4 

8.2 

105.0 

17.1 

1960-65  . 

196 

84 

321 

676 

1965-70  . 

72 

45 

94 

2 

176 

19  70-75  . 

20 

42 

7 

16 

20 

1975-80  . 

32 

27 

32 

34 

41 

1966- ?S  . 

77 

83 

77 

69 

71 

c 

SSF  estltr-iCc 

* 

Karlccc  Faces 

Inc..  Center  for  Qu.^rcltaC  .*  vt:  ?clcnc 

\ 

TotAl  Inclnd*-^  S17.2  nlUi-n  fr»r  r^nj^'j:: 

cr,r ,  wh  Ivli 

^rtcJ  :.r,'^.ir.i  r  c*!  y  from  oth 

cjtejorles 

in  1964 

only. 

SOL'RCp::     Saclcn^l  Scl^ncp  fcund.irlon,  D^_r 
and  Ojher^ScJ  <  .j  t  ij  J>:.^-L"-i>i.^> il» 

if 'J  *t  1; 

vjiufTjV  XX  ;  v 

r  c  h ,_  D. 

•.'eJ.cr_r._on; 

.1. 
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TabJc  2.  A3       KI^DJ-RAf.  OHLIC."]  J 0::S  I'Oi'  .SCfKNT D^i C  AND  TFXIIMTCAT. 


(Milllonr.  of  Const:;), a  ^67  Dnllnrs)*'' 


1960  . 

1961  . 

1962  . 

1963  . 

1964  . 

1965  . 

1966  . 

1967  . 

1968  . 

1969  . 

1970  . 

1971  . 

1972  . 

1973  . 
1074  . 

1975  , 

1976  . 


1977 
1978 
1979 
1980 


1960-55 

1965-  70 
1970-75 
1975-80 

1966-  76 


Toro\_ 
86.4 
103.0 
U2.8 
180.5 
219.5 
238.3 
286.6 
324.4 
345.4 
332.5 
336.3 
330.8 
337.5 
333.7 
306.1 
239.6 
2<)1.6 


287.8 
284.2 
282.7 
281.8 


176 
41 

-13 
-4 
2 


62.1 
54.7 
61.9 
7^.3 
64.7 
72.3 
85.3 
87.1 
96.8 
88.0 
86.0 
88.2 
93.4 
93.4 
89.2 
89.0 
89.6 


  PROJECTIONS 

84.0 
83.0 
82.5 
82.3 

 TZdCLV'T  c^^*'r.z 

72 
19 
3 

-3 
4 


235 
59 

-22 
-4 
2 


AuJIovl!  Ull 


290 
-17 
-16 
-3 
-3 


P.&n  In 

Inf  QlHiAC  lOTi 


32.3 

8.7 

3.3 

32.6 

7.5 

8.1 

47.1 

18.9 

14.8 

70.2 

23.0 

13.1 

93.1 

24. S 

13.6 

108.2 

33.9 

23.9 

128.6 

23.2 

49.5 

152.5 

31.7 

53.1 

159.2 

32.8 

36. S 

156.8 

29. 2 

58.4 

172.2 

28.3 

S4.0 

161.2 

27.3 

54.1 

158.1 

29.4 

36. 1 

150.9 

28.9 

60.3 

137.8 

24.2 

54. 8 

133.7 

23.8 

47.1 

130.7 

22.5 

48.8 

130.9 

23.6 

49.2 

129.3 

23.3 

48.6 

128.6 

23.2 

48.3 

128.2 

23.1 

48.2 

624 
126 
-13 
2 
-1 


Using  C:.T  liplUlc  price  icflator  (1975-1930  :.7A) . 
SOURCE:    Market  FacC3.   lac.  Center  f^r  Q  jc.  1 1      Ive  Sctr. 
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Table  2.  44      FEDERAL  OBLIGATION'S  FOR  MA!w\C;-,!ri-NT,  PROCESSING  AND  TRANSFER  OF  SCTENTIP 

AND  TECHNICAL  INl'OiCIATIOM ,  DATA  AND  TECHNOLOGY^:  1969-1973 


Item 

1969 

1970 

1971 

1972 

1973 

1969-73 
Percent 

$ 

X 

$ 

X 

$ 

Z 

X 

$ 

X 

Change 

130.3 

19.2 

1A7.1 

19. B 

170.6 

20.1 

178.0 

19.6 

185.5 

19. P 

42 

Research  and  Technical 

28.6 

3J  .2 

4.2 

35.0 

4. 1 

38.7 

4.2 

31.  5 

3.4 

10 

InformoClon  Analysis 

52.9 

7.8 

57.3 

7.7 

71.7 

8.4 

82.2 

9.0 

83.3 

8.9 

£7 

Scientific  and  Technical 

71.8 

10.6 

73.5 

9.9 

83.9 

9.9 

90.1 

9.9 

92.9 

9.9 

29 

202.7 

29.9 

213.1 

28.8 

228.^4 

26.9 

230.3 

25.2 

232.0 

24.8 

14 

Informotion  Service  Center  . 

63.^ 

9.4 

71.1 

9.6 

9/4.4 

11.1 

107.2 

11.7 

115.3 

12.3 

82 

5.1 

0.8 

5.9 

0.8 

8.6 

1.0 

10.3 

1.1 

11.0 

1.2 

116 

21.9 

3.2 

32.7 

4.4 

33.3 

3.9 

36.5 

4.0 

42.7 

4.6 

95 

101.2 

14.9 

109.2 

U.7 

123.4 

14.5 

140.1 

15.3 

140.9 

15.1 

39 

677.9 

100.0 

7^0.9 

100.0 

849.3 

100.0 

914.3 

100.0 

935.1 

100.0 

38 

Hanagement  and 

1^9.5 

22. 1 

167.7 

22.6 

179.2 

21.1 

196.2 

21.5 

205.4 

22.0 

37 

213.2 

31.4 

231.1 

31.2 

282.7 

33.3 

310.2 

33.9 

319.8 

34.2 

50 

163.5 

24.1 

179.5 

24.2 

205.4 

2/4.2 

212.9 

23.3 

220.7 

23.6 

35 

77.6 

11.4 

84.6 

11. A 

103.4 

12.2 

112.2 

12.3 

112.5 

12.0 

45 

Conferences  and  Symposia  .  . 

16.0 

2.4 

17.2 

2.3 

19.5 

2.3 

20.) 

2.2 

19.5 

2.1 

22 

Research  and  Development 

55. ^ 

8.2 

59. B 

8.1 

57.3 

6.7 

60.5 

6.6 

56.4 

6.0 

2 

* 

Includes  Tntramural. 


SOURCE:     Federal  Council  for  Science  and  Technolor^y,  Cnriaittuc  on  Scientific  and 
Technical  Information,  Report  of  the  AD  Hoc  rmupr     RyJornl  Aconcy 
Obligations  for  Mana^ecenr.  ^  Process  I  ng  ni-  1  Tr f  c r  of  ^ c  ly nl  1  f  I c  and 
Technical  Juforwntton,  D.Tta  nnd  Tcclintjlf>r,y  (F*\-  WgO-]97V)  7 
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Figure  2.10 


KEDEKAL  OBLIGATJ.Or.'S  FOR  SClENTlF£C  AND  TfiCIiNlCAL  INFORMATION : 

1960-1980 


C«rtenl  $ 


1967  Cnn«1^nr? 


Ino  61  fc2  6)  64  65  66  67  f.n  i,')  70  71  72  7J  7<  75  76  77  78  79  HQ 
SOURCEi  TaMrii  Z.  42  anii  2.  4  3. 


Figure  2.11      FEDERAL  OBLIGATIONS  FOF  MANAGEMENT,  PROCESSING  AND  TRAiN^SFER  OF 

SCIENTIFIC  AND  TECHNICAL  INFOR^^LATl  ON ,  DATA  AND  TECHKOLO^:  1969-1973 


The  R&D  expenditures  of  five  n^caicics  alone  acr.O'jul:  for  about.  90  percent 
of  all  Federal  expenditures  for  liS<J).     The  n::pnrtT::cnt  of  Defense  itself  spends 
almost  50  percent  of  the  Federal  R6D  dollar.     The  next  lar[;e?;t  contributor 
is  NASA,  althou£;h  both  acencic^;  appc:or  to  be  cont r.1  but ing  slightly  decreasing 
percentages  currently  than  two  yearn  ap,o  ar.  shown  in  Table  2 -AS  below.  The 
other  agencies  are  DIll-lJ,  ERDA  and  Nfi'. 

Table  2.45      FEORRAT,  EXTr.MJl'I IJRES  FOR  P.ESl.ARri!  AND 

DEVELOPNENT,  SEI.l'iCTEO  AGENCIES:  197A-1976 


(Percent  Distribution) 


Year 

Federal 
Total 

Selected  Agencifis 

Total 

DOD 

DREW 

ERDA 

NASA 

NSF 

1974  

100 

91 

50 

11 

8 

18 

3 

100 

90 

48 

11 

10 

17 

3 

100 

90 

48 

11 

11 

16 

3 

e 

NSF  estimate. 

SOURCE :     Federal  Funds  for  Research,  DevGlopment  and  Oth^r  Scientific 
Activities,  Fiscal  Years  1973,  1974  and  1975;  Appendix: 
Detailed  Statistical  Tables,  Volume  XXIV  (NSF  75-323). 

The  same  five  agencies  provide  most  of  Federal  obligations  for  research, 
83  percent.     The  proportion  is  even  higher  for  Physical  Sciences Mathematics , 
Psychology,  Engineering,  and  Other  Sciences.     The  dollar  amounts  (estimates 
prepared  by  NSF)  and  percent  distribution  by  field  of  science  for  1975  are 
displayed  in  Table  2.46.     As  might  be  expected,  tha  data  shows  that  DHEU 
obligates  the  largest  proportion  of  the  Life  Sciences,  Psychology  and  Social 
Sciences  obligations;  ERDA  and  NASA  of  Physical  Scienct^-,  and  DOD  of  Engineer- 
ing.    Thus,   the  policies  of  these  individual  ag.-ncies  and  any  shifts  in  em- 
phasis by  them  ainons  scientific  discipline  is  liV.ely  to  substantially  affect 
total  R&D  funding  for  those  disciplines.     The  only  field  for  which  this  might 
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Table  2.46      FEDKRAL  ORLJGATIONS  FOR  RESEARCH  FOR  SFLECTED 
AGENCTl-S,  liY  FIKLD  OF  SCIENCE:     1976  ^ 


(Millions  of  Dollars) 


Field  of  Science 

Federal 
Total 

Selected  Agencies 

Total 

DOD 

DHEW 

ERDA 

NASA 

NKF 

8,241 

6,822 

1,986 

1,730 

713 

1,741 

652 

Life  Sciences  .... 

2,348 

1,838 

147 

1,396 

127 

53 

115 

Physical  Sciences     .  . 

1,476 

1,341 

223 

44 

431 

479 

164 

Environmental  Sciences 

1,028 

820 

125 

29 

510 

156 

15/ 

145 

85 

19 

6 

2 

33 

137 

130 

51 

61 

10 

8 

Social  Sciences     •   •  . 

356 

191 

8 

136 

1 

46 

Other  Sciences  .... 

193 

182 

82 

55 

6 

39 

2,545 

2,174 

1,265 

19 

121 

679 

90 

PERCENT  DISTRIBUTION 


100 

83 

24 

21 

9 

21 

8 

Life  Sciences  .... 

100 

78 

6 

59 

5 

2 

5 

Physical  Sciences     .  . 

100 

91 

15 

3 

29 

32 

11 

Environmental  Sciences 

100 

80 

12 

3 

50 

15 

100 

92 

54 

12 

4 

1 

21 

100 

95 

37 

45 

7 

6 

Social  Sciences     •    .  . 

100 

54 

2 

38 

13 

Other  Sciences      .   .  . 

100 

94 

42 

28 

3 

20 

100 

85 

50 

1 

5 

27 

4 

e 

NSF  estiniaLe. 

SOURCK:     Nr'jtional  Sr.ionce  Foundation,  pi;^t£iJ.cjJ^_SUiJrL^tL  jI^ 

R c s c a  r c b  , _ D e  V o  1  o p im 'jj L_  and  Other  _S c  1  lm 1 1  \  f  f  c  Ac  t_ L  ( ji o s^,  Fi  sea  I  Years   1  9  74  ^ 
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not  hold  true  Is  Social  Sciences,  v/licrc  ovci'  45  percent  of  federal  obligations  ■ 
fron.  agcfncicy  other  than  thc.qe  five, 

2 .  3  Gross  National  ProducL  (Gi: ; 0_ a_n d  Price  Deflators 

Since  1960,  Total  Rfvl)  Fuiidiu^^  has  been  at  a  level  of  between  two  and 
three  percent  of  GNP.     The  higher  Jcvel  \-:ar.  reached  in  1964.     The  current  level 
(1973-75)  is  2.3  percent.     R&D  funds  are  projected  to  continue  to  xcount  for  a 
decreasing  proportion  of  GNP. 

For  reference  purposes  the  GNP  implicit  price  deflators  used  through- 
out this  report  are  combined  on  Table  2.47  v;ith  total  GNP  and  the  R&D  percentage. 

Table  2.47      GROSS  NATI0::AL  PRODUCT,  PERCENT  R&D  FUNDS  AND 
GNP  IMPLICIT  PRICE  DEFLATORS:  1960-1980 


UD 

at  :  zt 

c:7  3 

I'.elz  fTt: 

Tur 

(BiUloaa  of  Oolljrs) 

i?52-:co 

19^>100  3 

1)60  .  .  . 

303.7 

2.7 

103. :9 

87.84 

1961  .  .  . 

320.1 

2.6 

:C4.«2 

98.97 

1962  .  .  . 

-360.3 

2. a 

103.73 

89.96 

1963  .  .  . 

390.3 

:.9 

;C7.17 

91.14 

1964  .  .  . 

632.4 

3.0 

106.85 

92.37 

196J  .  .  . 

&Ai.9 

2.9 

110.36 

94.28 

1966  .  .  . 

749.9  ■ 

2.9 

113.9^ 

96.90 

1967  .  .  . 

7)3.9 

2.9 

117.39 

100.00 

1966  .  .  . 

664.2 

2.9 

122.30 

104.01 

19A9  .   .  . 

930.3 

2.8 

i:3.:o 

1C9.02 

1970  .  .  . 

977.1 

2.7 

133.24 

113.01 

1)71  .  .  . 

1.034.9 

2.3 

i;i.35 

120.21 

1972  .  .  . 

1.133.0 

2.3 

U6.12 

124.26 

1973  .   .  . 

1,294.9 

2.3 

134. 31 

131.23 

1974  ,   .  . 

1.396.7 

2.3 

170.11 

U4.64 

1973  .  .  . 

1 

1.473.2  i 

2.3 

163.9 

15«.0) 

1976  .   .  . 

1.680.3 

;53,4 

168.72 

1977  .  .  . 

1.373.3 

2.1 

::i.8 

ISO. 12 

197S  .  .  . 

2.06S,:  ] 

2,0 

::6.4 

192.31 

1)79  .   .  . 

2,:73.6  j 

:.o 

:io.9 

204.96 

1980  .  .  . 

2.i99,l  1 

1 

■ —             —      .,,    .  .  _i 

1.9 

:36.3 

217.96 

1 

SOtlCl:  1960- 

-•  ■ 

2 

1975- 

1990, 

•  1*  ■>4  iJ  ; .  ."a . 
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SECTION  3 


TRENDS  IN  PUBLISHING 
SCIENTIFIC  AND  TECHNICAL  INFORMATION 

This  is  a  major  section  of  the  report  because  it  deals  with  the 
composition,  recording,  reproduction  and  initial  distribution  functions  of 
scientific  and  technical  information  as  depicted  in  Figure  1.1.     In  this 
section  we  are  primarily  concerned  with  statistical  indicators  that  deal  with 
quantity  and  cost  of  primary  publications  in  science  and  technology.  Secondary 
publications  such  as  abstract  journals  are  covered  in  Section  5  of  the  report. 
Organization  and  Control. 

This  section  is  subdivided  into  four  sub-sections  dealing  with  the 
growth  of  the  literature,  and  two  sub-sections  discussing  costs  associated 
with  publishing  scientific  antl  technical  information.     The  documenting  forms 
covered  in  these  sections  include  books,  journals,  technical  reports,  and 
other  items.     A  final  sub-section  deals  with  numeric  data  bases,  another  in- 
formational medium. 

The  literature  of  science  is  growing  and  growing  very  rapidly.  It 
is  an  important  function  of  this  report  to  present  data  that  reliably  indi- 
cate the  magnitude  of  this  growth.     Data  on  literature  growth  have,  of  course, 
been  presented  by  many  other  writers.     Unfortunately,  many  of  these  data  have 
been  conflicting.     Some  studies  of  literature  growth,  too,  have  concentrated 
exclusively  on  a  single  documentary  form  (e.g.,  the  scientific  journal)  while 
others  have  produced  estimates  of  the  growth  of  the  primary  literature  that 
are  derived  largely  from  observations  on  the  growth  of  the  secondary  literature. 
Anderla's  (5  )  figures  for  literature  growth,  for  example,  are  largely  based 
on  figures  for  the  growth  rate  of  some  major  abstracting  and  indexing  services, 
those  organizations  that  are  members  of  the  National  Federation  of  Abstracting 
and  Indexing  Services  (NFAIS).     But  these  figures  are  not  necessarily  reliable 
indicators  of  the  growth  of  the  primary  literature.     Use  of  figures  for  growth 
of  secondary  publications  as  an  indicator  of  the  growth  of  primary  publications 
pre-supposes  that  the  former  are  growing  at  the  same  rate  as  the  latter.  One 
cannot  necessarily  assume  this.     In  fact,  an  extremely  important  statistical 
indicate^  would  be  one  that  revealed  a  discrepancy  between  these  two  rates  of 
growth. 
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In  the  NFAIS  annual  statistics  the  data  base  is  not  constant,  be- 
cause additional  members  have  been  added  over  the  years.-    These  statistics 
cannot  be  used  as  a  reliable  indicator  of  the  growth  of  even  the , secondary 
publications  unless  they  are  corrected  to  account  for  the  addition  of  new 
services  in  the  NFAIS  membership.     The  Anderla  figures  are  not  based* on  such 
a  correction  factor.     It  is  our  belief  that  Anderla  intended  the  use  of  these 
data  to  be  illustrative  of  statistical  indicators,  however,  there  is  a  tendenc 
for  others  to  use  the  data  as  fact  because  better  data  concerning  growth  of 
the  journal  literature  are  not  available. 

There  are  different  dimensions  to  the  growth  of  the  scientific  and 
technical  literature  as  well  as  different  documentar:y  components  in  this  rate 
of  growth.     There  are  at  least  three  dimensions  to  be  considered: 

1.  The  number  of  items  published 

2.  The  number  of  copies  of  items  published 

3.  The  size  of  the  items  published 

The  importance  of  "hese  three  dimensions  varies  somevhat  from  one  documentary 
form  to  another.     In  considering  the  growth  of  the  book  publishing  industry, 
for  example,  we  are  concerned  both  with  the  number  of  items  (titles)  published 
and  with  the  number  of  copies  of  these  titles  that  axe   sold,  but  not 
on  the  size  of  each  book  in  number  of  pages  published.     In  considering 
the  growth  of  the  science  journal,  however,  we  are  Interested  in  the  growth  of 
each  journal  (in  number  of  pages  published  per  year)  as  well  as  in  the  growth 
of  the  periodical  literature  in  terms  of  number  of  titles  published.  Further- 
more, the  number  of  articles  published  may  be  the  most  important  indicator  of 
all.     The  number  of  copies  of  each  title  that  are  sold  each  year  (i.e.,  the 
number  of  subscribers)  is  also  presented. 

The  growth  figures  presented  in  this  section  of  the  report  are,  we 
believe,  the  best  that  are  availaljle  for  various  documentary  forms  and  for 
various  dimensions  of  literature  growth.     Although  some  of  these  data  are  more 
reliable  than  others,  collectively  they  seem  to  form  an  accurate  composite 
picture  of  the  rate  of  literature  growth. 
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3.1 


Growth  of  the  Book  Literature 


3.1.1         Number  of  Books  Published  Worldwide 

The  UNESCO  Statistical  Yearbook  (145)  presents  estimates  of  world 
book  production  based  on  reports  submitted  by  member  countries.     One  problem 
with  the  UNESCO  figures  is  that  different  countries  may  interpret  the  term 
"book"  in  various  ways,  although  UNESCO  does  provide  guidelines  on  this.  The 
U.  S.  figures,  for  example,  include  Federal  Government  publications  for  only 
certain  of  the  years  and  completely  exclude  publications  of  state  and  local 
governments.     The  UNESCO  figures  give  an  overall  indication,  however,  of  the 
growth  in  the  number  of  book  titles  published  on  a  worldwide  basis.  The 
figures  for  the  thirteen  year  period  1960-1972  are  presented  in  Table  3.1  for 
overall  book  production  only.     The  UNESCO  overall  figures  represent  an  average 
annual  growth,  in  number  of  titles  published,  of  about  3.7  percent  for  this 
period.     That  is,  about  54  percent  more  titles  were  published  in  1972  than 
were  published  in  1960.     Although  UNESCO  does  publish  a  subject  breakdown, 
from  which  it  would  be  possible  to  extract  figures  for  science  and  technology, 
these  figures  cannot  be  used  as  good  indicators  of  growth  because  the  base 
(i.e.,  number  of  countries  included)  varies  from  year  to  year. 

According  to  UNESCO  guidelines,   the  figures  for  book  production  are 
supposed  to  include  all  printed  non-periodical  publications  of  the  type  that 
would  appear  in  national  bibliographies,  including  government  publications, 
textbooks,  theses,  offprints,  publications  in  series,  and  volumes  of  illustra- 
tions.    The  UNESCO  guidelines  exclude  trade  catalogs  and  other  advertising 
publications,  timetables,  telephone  directories,  almanacs,  musical  scores, 
maps  and  charts.     UNESCO  defines  book  as  a  printed  non-periodical  publication 
of  at  least  A9  pages,  exclusive  of  cover  pages.     It  is  contrasted  with  the 
term  pamphlet ,  which  is  defined  as  a  printed  non-periodical  publication  of  at 
least  five  pages  but  not  more  than  48  pages.     Clearly,  this  distinction  is 
somewhat  arbi t rary . 

It  is  likely,  however,   that  certain  national  figures  for  book  pro- 
duction will  be  more  accurate  than  these  international  figures  because  of 
greater  control  and  standardization  in  data  collection.     In  particular,  good 
figures  are  gathered  by  the  publishing  industry  in  the  United  States  and  in 
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Great  Britain.     These  statistics  are  given  in  Table  3.2.     Even  these  numbers 
miist  be  viewed  with  some  caution,  however,  because,  at  least  in  the  U.  S., 
changes  have  been  made  in  the  way  in  which  the  counts  are  made.     The  U.  S. 
figures  indicate  an  average  annual  increase  in  publication  rate  of  about  7.4 
percent  in  the  period  1960-J.974.     That  is,  in  1974  about  172  percent  more 
titles  were  being  published  than  were  published  in  1960.     In  Britain  the 
average  annual  increase  in  publication  rate  appears  somewhat  less:     about  3.1 
percent  a  year  for  the  period  1960-1973.    There  are  many  fluctuations,  how- 
ever;  the  1973  output  was  6.4  percent  greater  than  the  1972  output  in  Great 
Britain.     By  comparison,  the  L972-1973  increase  in  output  was  about  five  per- 
cent in  the  United  States.     In  the  field  of  science  and  technology  the  rate 
of  publication  increase  in  the  U.  S.  was  327  percent  in  the  1960-1974  period, 
which  represents  about  a  10.9  percent  increase  per  year  during  this  period. 

As  the  rate  of  publication  increases  one  would  also  expect  that  the 
number  of  books  available  at  any  one  time  (i.e.,  in  print)  would  also  be  in- 
creasing.    Some  evidence  of  this  is  available  from  the  London  firm  of 
J.  Whitaker  &  Sons.     The  Whitaker  bibliography  Scientific  and  Technical  Books 
in  Print  (134)  listed  8,800  titles  in  1965;  11,285  in  1966:  13,507  in  1967;  14,981 
in  1968;  25,589  in  1969;  and  34,000  in  1972.     The  Whitaker  compilation,  then, 
indicates  that  in  1972  almost  four  times  as  many  scientific  and  technical  books 
were  in  print  and  available  in  England  than  were  in  print  and  available  in  1965. 

The  statistical  indicators  for  the  Soviet  printing  industry  were 
compiled  from  data  in  the  report  "Printing  Activity  in  the  USSR  in  1972", 
published  by  the  "Kniga"  (Book)  Publishing  House,  Moscow,  1974.     It  is  the 
latest  available  issue  of  yearly  publications  on  this  subject. 

The  numerical  data  were  compiled  on  the  basis  of  the  deposited 
copies  of  publications  sent  to  the  central  "Palace  of  Books"  and  to  similar 
agencies  in  the  constituent  republics.     Every  separately  identified  edition 
of  a  book  or  brochure,  every  volume  of  a  collective  series,  every  issue  of  a 
newspaper,  journal,  bulletin,  sheet  music,  map,  reproduction,  etc.  has  been 
taken  into  account. 

The  statistical  data  are  part  of  the  governmental  census;  therefore, 
all  types  of  publications  are  included,  regardless    of  whether  they  are  intended 
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Tabic  3.1 


(Thousands) 


Year 

All  Field; 

1960  .   .  . 

36A 

1961  .   .  . 

380 

1962  .   .  . 

388 

1963  .   .  . 

399 

196A  .   .  . 

AOS 

1965  .   .  . 

450 

1966  .  .  . 

A60 

1967  .   .  . 

A78 

1968  .   .  . 

A87 

1969  .   .  . 

A96 

1970  .   .  . 

5A6 

1971  .   .  . 

548 

1972  .   .  . 

561 

SOURCE:     United  Nnlions  Educational,  Scientific, 
and  Cultural  Orjiiani 2a t ion ,  Statistical 
Yearbook,  1964-1972. 
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Table  3.2      NUMHHR  OF  NF.W  BOOK  TITLI'S  AfJl)  EniTION.S  PUJ',LT.S1!ED :  .960-1974 


Year 

Mumbcjr 

of  Mew  Book  Titles  aiu! 

'ddi  t  ions 

U.S. 

A]l  Fields 

U.S. 

Scionco'/Tc'chn  f  ral" 

GreaL  Britnin: 
Al]  Kiclds 

1960  .... 

15,012 

3,:79 

23,783 

1961  .... 

18,060 

5,062 

24,893 

1962  .... 

21,904 

6,153 

25,079 

1963  .... 

25,784 

7,411 

26,023 

1964  .... 

28,451 

8,871 

26,154 

1965  .... 

28,595 

8,808 

26,358 

1966  .... 

30,050 

^.808 

28,883 

1967  .... 

28,762 

8,993 

29,619 

1968  .... 

30,387 

9,613 

31,420 

1969  .... 

29,579 

9,645 

32,393 

1970  .... 

36,071 

11,659 

33,489 

1971  .... 

37,692 

12,595 

32,538 

1972  .... 

38,053 

13,042 

33,140 

1973  .... 

39,951 

13,522 

35,25if 

1974  .... 

40,846 

14,442 

* 

Based  on  Table  3.7,  figures  includo  science,  medicine,  sociology/economics 
^^^^  ^^^1^  of  agriculture  and  plu  1  osophy/psychology . 

Note:     The  figures  are  for  trade  pul^]  icati  ons  and  exclude  government  publi- 
cations and  university  tlicfi'erD. 


SOURCE :     The  Bowker_  Annij<\l  of  Library  and  Book  Trade  Inforiaati on ,  R .R .  Bowker 
Company,  1962-T975. 
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for  the  general  public  or  are  restricted  to  internal  official  distribution 
only.     On  the  other  hand,  certain  categories  of  official  documents  and  in- 
structions issued  by  lower  bureaucratic  levels  and  publications  of  clearly 
rv.i.e..N.  ral  interest  are  excluded.     Certain  other  criteria,  such  as  the  minimum 
V '^ume  of  the  output  and  the  involved  printing  technique,  are  also  applied 
to  eliminate  publications  from  coverage.     Thus,  material  reproduced  by  non- 
typographic  methods,  publications  less  than  four  pages  and  100  copies,  books 
in  Braille,  and  so  on,  are  usually  not  included  in  the  compilation. 

For  comparison  purposes,   the  tabulations  contain  references  to 
earlier  years,  specifically  19A0,  1950,  1960,  1965  and  1970. 

The  scientific  and  technical  literature  is  not  identified  as  a  single 
item  but  is  distributed  among  several  categories.     Popular  science  is  shown 
as  a  separate  class.     As  was  to  be  expected,  political  education  and  propa- 
gandists' sheets  (actually  "agitator's  notes")  are  emphasized.     Technology  is 
distributed  among  several  headings. 

Thus,   the  scientific  and  technical  material  is  given  as  part  of  the 
overall  printing  effort  of  the  USSR;   the  volume  may  be  compiled  by  examining 
the  columns  which  give  the  number  of  copies,   the  size  of  individual  issues 
and  the  total  number  of  pages  printed  during  the  year. 

During  1972  a  total  of  82,795  books  and  brochures  were  printed. 
The  1,505,999,000  copies  of  these  publications  amounted  to  15,639,515,000 
printed  pages,  representing  a  total  sales  price  of  663,356,000  roubles.  (The 
current  official  change  rate  is  one  rouble  =  $1.45).     There  were  also  printed 
during  the  year  111,092  minor  publications,  broadsides,  and  so  on,  which  as 
mentioned  above,  are  not  subject  to  bibliographic  control  and  are  not  sent 
to  depository  libraries,  involving  634,963,000  copies;  27,967  authors'  ab- 
stracts of  dissertations;  13  tear-off  calendars,  14,005  drawings;  1,810  titles 
of  sheet  music  and  304  cartographic  publications. 

The  cumulated  volume  of  publications  in  the  Soviet  Union  during 
the  1918  to  1972  period  amounted  to  2,524,539  books  and  brochures,  representing 
39,581,000,000  copies  and  337,253,500,000  pages.     The  average  output  per  title 
was  15,700  copies, 
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Table  3.3  proscnLtt  the  output  of  books  and  brochurcci  in  the  Soviet 
Union  since  19^f0, 


Table  3-3      NU>^Br:R  0^  HOOK  TITLKS  AliD  BROCHURE  TITLI:S  PUBLISlIEn  IN  THE  USSR: 

1940-1972 


Year 

Books  6 
Brochures 

Copies 
MllHonr.) 

Pages 

Printed 

CMilHonc) 

Average 
No.  of  Copies  Average 
Per  lic'ji      No.  of  Paf;es 
(COO)            Per  Itc;n 

1940.  .  . 

45,830 

462.2 

2,848.3 

10.1 

6.2 

1950  .  .  . 

43,060 

820.5 

6,980.3 

19.0 

8.5 

1960  .  .  . 

76,064 

1,239.6 

12,u61»l 

16.3 

10.1 

1965  .  .  . 

76,101 

1,279.3 

12,994.5 

16.8 

10.2 

1970  .  .  . 

78,375 

1,309.6 

13,953.5 

16.6 

10.7 

1972  .  .  . 

'82,795 

1,506.0 

15,639.5 

18.2 

10.4 

SOURCE:     PrinCint?  Activity 

in  the  USS?. 

ir.  1972,  *'ICnlga" 

(BOOK)  Publishing 

House, 

ERIC 


Moscow,  197^ . 

During  1972  the  average  number  of  copies  per  individual  title  was 
18200  and  the  average  length  amounted  to  10.4  pages.    This  low  number  is 
probably  due  to  the  fact  that  books  and  brochures  are  reported  as  a  unit. 

The  average  daily  publication  rate  in  1972  amounted  to  4,126,000 
copies  of  all  books  and  brochures;  this  corresponds"  to  606  copies  of  books 
and  brochures  per  100  inhabitants  during  the  year. 

Information  is  available  about  the  distribution  of  the  publications 
among  freely  distributed  and  "for  pay"  items,  and  about  the  publishing  authority 
(SraLc  Ccnt:ral  Committees,  government  departments  and  agencies,  institutes, 
ministries,  consistuent  republics  of  the  Union,  and  "others",  such  as  speciali?;ed 
publishing  agencies). 

It  is  of  interest  to  note  that  the  82,795  separate  titles  have  been 
published  in  a  great  variety  of  lanr^uages.     As  expected,  the  greatest  number 
was  published  in  one  of  the  national  languages  of  the  Soviet  Union  (79,132 
item.*:;),  including  63,448  in  Rusr.ian  and  62  other  languages.     Among  the  3,663 
title.s  in  non-SovjcL  langunj^.ey,  English  was  leading  with  1,356  items.  The 
rest  included  Ainh.nra  and  Gujnrat:i  and  most  of  Western  European  and  the  Soviet- 
Bloc  langu.?ges  but  al?o  Jap.iiiOf;c  nnd  Chinese.     French  (485),  German  (459)  and 
Spanish  (274)  were  the  most  popular  l^^nguages  after  English. 
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In  addiLiou  to  or.i^;irial  papers,  many  trniislatloiis  were  alr.o  pub- 
'I'lic-  8,8.18  itciin.s  included  G,7S7  traiislcited  from  Uhci  Soviet  Tiatlonal 
laiii^uap.os,  jricludin^  5,07A  fruiu  Ku.^vsian.     Tn  addition  663  trcuuslations  from 
En^ilisFi,  281  fro:;i  German  and  167  from  French  were  also  published. 

The  subject  matter  of  the  82,795  books  and  brochures  is  classified 
as  given  in  Table  3.^. 

Table  3. A      KITMBRR  OF  BOOK  TJTLEf^  AND  BROCHURE  TITLES 
PUBLISHED  IN  THE  ''SSR  BY  SUBJECT:  1972 


SubJ  ecC 
Classification 

Nur.ber 

of  Ticioa 

11,529 

8,553 

Technology,  Indus c  ry.  Transport nc  ion , 

29,244 

6,597 

813 

3,396 

713 

Cultural  and  Educational  Activities^  Science    -  . 

4,130 

2,311 

1,230 

Fiction,  including;  Children's  Literature  .... 

7,225 

3,U2 

3,324 

759 

2,214 

Printing,  Book  Trade,  Bibliofiraphy   

2.833 

82,795 

SOIJRCF.:     Pjlinj  ^"'2  -^^^ ci_-'ity_tn_  tf- e  Vlr'SR  in  197^2,  "Kniga"  (BOOK)  Publishing  House, 
Moscow,  \97l. 

Detailed  inforr.iation  is  available  concerning  the  number  of  copies 
printed  in  the  individual  categories,   the  total  number  of  pages,  ^le  average 
nuni]»er  of  copie5>  per  title  and  the  nverage  number  of  pages  per  item.  The 
data  are  also  coir.parcd  with  tho-e  from  19^0,  1950,  1960,  1965  and  1970. 
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An  Interesting  communication  indicator  is  the  extent  of  international 
trade  in  publications.     Figures  for  book  imports/exports  to  and  from  the  United 
States  are  given  in  Table  3.5.     It  is  interesting  to  note  from  this  table  that 
the  number  of  new  editions  and  titles  imported  into  the  United  States  has  been 
erratic  and,  in  fact,  the  total  imported  in  recent  years  is  actually  less  than 
the  total  imported  in  the  mid  1960's.     Nevertheless,  the  total  dollar  value  of 
book  imports  has  increased  regularly  over  the  years  (an  increase  in  value  of 
about  400  percent  between  1961  and  1973)  and  the  dollar  value  of  imports  has 
been  increasing  more  rapidly  than  the  dollar  value  of  exports.     Note,  however, 
that  these  figures  represent  only  shipments  valued  at  $250  or  more  and  that 
they  refer  to  book  shipments  in  general  and  not  just  shipments  in  science  and 
technology.     The  dollar  figures  also  reflect  inflationary  trends  and  cannot 
be  used  as  precise  indicators  of  the  amount  of  trade  in  number  of  copies. 
Comparative  figures  for  imports  and  exports  will  also  fluctuate  considerably 
with  changes  in  rates  of  foreign  exchange. 

It  is  noted  that  the  imports  for  science  and  technology  has  grown 
substantially  more  from  1960  to  1974  than  imports  for  all  new  titler   and  edi- 
tions.    These  two  figures  are  389  percent  and  61  percent  increases  respectively. 
The  proportion  of  science  and  technology  books  in  1960  to  the  total  numb-^'-"  of 
books  in  1960  was  about  19  percent  and  this  number  grew  to  58  percemt  in  197 
Further  discussion  concerning  books  publications  in  the  United  States  is  given 
in  the  following  sections. 

3.1.2  Number  of  Scientific  and  Technical  Books  Published  in  the  United  States 

The  principal  source  of  information  concerning  the  growth  of  scien- 
tific and  technical  book  publishing  is  the  Bowker  Annual   (18).     The  total  number 
of  scientific  and  technical  book  titles  from  this  source  is  based  on  the 
following  classifications  (with  Dewey  Decimal  Numbers):     Agriculture  (630-639; 
712-719);  Medicine  (610-619);  Philosophy  and  Psychology  (100-199);  and  Tech- 
nology (600-600,  620-629,  660-699).     Only  half  of  the  titles  in  Agriculture 
and  Philosophy  and  Psychology  were  included.     The  total  number  of  book  titles 
published  in  science  and  technology  according  to  these  calculations  is  given 
in  Table  3.6,  with  the  breakdown  by  field  shovm  in  T^ble  3.7. 
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Tnl.]f-  3.3      IMPORT  AKH  KXPORT  OF  mOVS>:     ]  960-19?/. 


Kjniber  of 

Books 

U.S.   loiS'orl:,':- , 
All  Fio.lcl:., 
 mlll.ioi  1 : 

U.S.  Kxports, 
All  Fi.e]c!s 
£$  min  ions)  ' 

U.S.  Imports 
(new  titles 
&  editions) 

U.S.  Iniport.s 

(sclencf^  & 
techno  ]_op,;^g_ 

1960  .... 

— 

mm. 

2158 

411 

196]  .... 

26.763 

62.876 

1962  .... 

33.447 

70.733 

2051 

928 

1963  .... 

38.747 

77.746 

2161 

956 

1964  .... 

43.898 

88.642 

4797 

1931 

1965  .... 

48.767 

99.322 

4670 

1986 

1966  .... 

61.525 

120.803 

6347 

2785 

1967  .... 

69.242 

143.193 

4852 

2172 

1968  .... 

68.392 

151.623 

4307 

1905 

1969  .... 

78.353 

166.141 

4103 

1836 

1970  .... 

92.023 

174.937 

4459 

1977 

1971  .... 

100.994 

176.662 

3882 

1777 

1972  .... 

136.937 

172.115 

3850 

1930 

1973  .... 

133.861 

194.516 

3283 

1758 

1974  .... 

3478 

2008 

Note:  Data  on  dollar  value  of  shipments  is  based  only  on  shipment  valued  at 
$250  or  more  It  has  been  csLiinatcd  by  industry  economists  that  the 
total  values  may  be  low  by  about  10^!  to  25%  for  imports  and  by  about 
50%  for  exports. 

Company,  1962-1975. 
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T  3.6      NUMHi:il  OK  SCIKN  f  f  I' TC  A::1)  TKCir.'lCAh  W0\:  TJTI.ICS  IMJJil/ISIfh'D 

IN  Tin:  UIUIEI)  STATKS:  1900-1900 


Nunlirr  of  TJ  t  Jf*? 
Ptt!)J  J  ilii'J  ' 

(1:11110113} 

J.'ljp'hcr  of  TJl  Irf. 

IVr  v^/y'^ 

Nir>l.or  of  TK.lrr;  Vor 
(10-3) 

.........      . .  . 

3,379 

1.159 

2.92 

3.35 

1961   

5,062 

K210 

A. 18 

4.83 

196?  

6,153 

1.272 

A.8A 

5.52 

1963   

7, All 

1.3A6 

5.51 

6.39 

196A  

8,871 

1.396 

6.36 

7.33 

1965   

8,808 

1.442 

6.11 

6.92 

9  608 

1 . 501 

6.53 

7.29 

1967   

8,993 

1.578 

5.70 

6.AA 

9,613 

1.6A9 

5.83 

6.67 

9,6A5 

1.725 

5.59 

6/A3 

1970   

11.659 

1.797 

6.A9 

7.39 

12,595 

1.83A 

6.67 

7.6A 

13,0^2 

1.871 

6.97 

7.56 

13»522 

1.923 

7.03 

7.52 

1.973 

PPOJKCTIOHS   

7.32 

7.87 

-       —  - 

1A,277 

2.026 

7.05 

7.63 

1976   

U.753 

2.061 

7.09 

7.67 

15,228 

2.138 

7.12 

7.72 

1978   

15.798 

2.195 

7.20 

7.80 

16,274 

2.255 

7.22 

7.82 

16,68A 

2.31A 

7.30 

7.90 

161 

 PKRCF.KT  aiMlCt   

24 

109 

107 

1965-70=   

32 

25 

6 

7 

1970-75   

22 

13 

9  ■ 

3 

IP 

14 

A 

A 

S(niKCE:     ^rvn«:f(l  on   Tnl^lc  1 .  7 :  Ap  r }  .til  f 'iro  ScMr-lnj-.v  ^  rrnnnp,}cs,  Mcv!Iclno.  ^cloo/^o.  Torhnnlnpy,  nuc! 

^Trtkcn  frrm  TnJ.lp  2.2j. 

•\.irkrt.  Fncr?,    Inc.,  Cr-:x- *  v  for  Qunr.t  1 1  n  t  !  vr       i.  m  r'". . 


152 
103 


ERIC 


Tnl.lo  jl.7       KIIMBi:k  OF  BOOK  TlTl.KS  PUl'.LTSllKD  IJY  V/iX  CLASS!  FLCATTONr.  OF  SCIliKCF:  J96n-19P0 




Yerr. 

1 

Socloloj;/ 
and 

S  C  i  t-  ^  C 

Phlloso'.rh) 
And 

1960  .  . 

156 

754 

520 

1.0B9 

693 

480 

1961  ,  . 

231 

1,613 

776 

1  ~a 

781 

565 

1962  .  . 

263 

2.059 

952 

1.743 

931 

653 

1963  ,  . 

286 

2.^87 

1.054 

2,211 

1,157 

719 

1964  .  . 

285 

•  3.272 

1.211 

2,738 

1.125 

766 

1965  .  . 

• 

270 

3.242 

1,218 

2.562 

1.153 

979 

A7QU    •  • 

287 

3,482 

1,446 

2,953 

1,333 

892 

1967  .  . 

287 

3.-611 

1,189 

2,367 

1.252 

863 

1968  .  . 

249 

4.070 

',277 

2,407 

1,262 

946 

1969  .  . 

260 

4.462 

1.190 

2,353 

1.035 

951 

1970  .  . 

265 

5,912 

1.476 

2.356 

1,141 

1,280 

1971  .  . 

324 

6.095 

1,655 

2.697 

1,309 

1,354 

1972  .  . 

• 

390 

6.415 

1.839 

2,586 

1,425 

1.164 

1973  .  . 

382 

6.565 

2.002 

2.714 

1,347 

1.406 

1974  .  . 

391 

6,640 

2.281 

3.049 

1,593 

1.368 



1975  .  . 

400 

6,858 

t-HOJhr.IIONS* 
1,932 

3,U8 

1,507 

1,319 

1976  .  . 

• 

447 

7.109 

1,714 

3.501 

1.582 

1,334 

1977  ,  . 

426 

7,285 

1,630 

3,576 

1.765 

1,261 

1978  .  . 

412 

7,310 

1,956 

3.580 

1,334 

1,308 

1979  .  . 

495 

7  ,413 

1,929 

3,859 

1  Q 

1.256 

1980  .  . 

460 

7.740 

2.055 

4,114 

2.109 

1 .  J 

1960-65 

73 

330 

134 

135 

65 

104 

1965-70 

_2 

32 

21 

-8 

-1 

31 

1970-75 
1975-80 

31 
15 

16 
13 

31 
6 

34 
31 

32 
40 

3 
1 

* 

Lcr  for  Qv'.'r.tlc:\:lvi?  Sci*. 

.^]   nf  LlVnrv  ^-u'  3ook  Tr 

ado  TnTorrj  :  i  ji\ ,  Zi  1 

19e2-l?75. 
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In  Tabln  3.6,  tho  luir.il.ov  of  .scicntJsts  and  onclneors  nr.d  tho  nuinbor 
of  Litleji  pel-  Kcicntlsl:  and  uncJneor  r.re  also  given  nl.onR  with  forecnsts  made 
for  the  years  1975  through  1980.     The-  forccnst.s  of  the  number  of  titles  are 
based  on  the  number  of  ncicntints  and  cnsincnrs.     It  was  assumed  that  it  takes 
about  three  years  to  write  and  publish  a  book  so  that  it  makes  sense  to  use  a 
three  year  lag  for  the  purpose  of  forecastinc.      That  is,  the  number  of  titles 
published  in  1960  is  based  on  tho  nuiibc-r  of  sc  entistr.  and  engineers  in  1957 
(1  million),  1961  titles  on  1958  scientists  and  engineers  (1.05  million),  1962 
titles  on  1959  scientists  and  engineers  (1.11  million)  and  so  on.     The  number 
of  titles  published  are  plotted  against  the  number  of  scientists  and  engineers 
(lagged  three  years)  in  Figure  3.1. 


Figure  3.1      NWffiER  OF  U.  S.   SCIENTIFIC  AND  TECiINICAL  BOOK  TITLES  AS  A  FUNCTION 

OF  SCIENTISTS  AND  ENGINEERS   (LAGGED  THREE  YEARS)  - 


17.  5 


15 


<n 


12.  5. 


^10 


7.  5. 


Y  =  -3.  5022  -f  9.  5076  X 
R^=  .93 


1,0        1.25       1  .5        1.75  2.0 

Number  of  Scientists  and  Engineers  (Million.?) 

SOURCE:    Market  Facts,  Inc. 

Center  for  Qm;\  nti  tat  i vc.  Sciences 


Other  intervals  of  time  up  to  six  years  were  tested  but  tiie  bes!  fit  of  ""he 
data  was  a  ghrcc  year  period. 
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force. fur   iiM  !rr  of  i.-ol;   lit:  Irs  puL^  i  J.-^l         tl.    ft.nn-..     Ti  •  r-.l<  )  Is 

V7iicr(*:        ^     1.'^  Lli".  (::;L  ii^Mlt'M  mi.'^.i)pr  of  hooV   l;:[t  !.  .  p.-M  L:  Im  .!  (:in  ('.hciisnnfi'') 

X      in  l.lio  ni:'i''"C'L-  o\'  sc  ,:  m  J*  x;-,  t  s  er.f^^j  n..'C      l:1ir«  '  yenvf-  l;cnce 

(in  rail  I  i (ni.'O 

II  is  noLcc!  tluiL  tlr:  n-c'-Oj.  is  ono  tbn::  i     rtcr^.-'ly  fit  ro  l.lr.'  clrl.a  liy  a  ii':-'.  l'(ul 
of  least  squnr.-F;  nnd  Lli.oL  it  cannoL  hi:  intcrpi  oCod  Titc^rally.     For  c:'xr::^}c., 
the  nioclol  implies   <:hat   iherc  v/ould  he  n  ne;;alivn  nur.L^:r  of  book  tidies  pub- 
lislicd  if  Iho  niP'.ber  cf  r.c  f  eiU;  J  .9  trs  am;  enr-.in(,^cr5:;  v.^cro  fo\;c'r  I'lian  0.37  million 
persoitn.     Tbe  n;r   el  dors   i  1  luoLL-aLo,  ]\n~:jvc.i^   tlial:  botb  iil;6olul:a  and  relative: 
book  prc>du:::-.i.vj  ty  hy  sc i-.'.nt  is  t:f;  ai'id  C:i\:.  i.i^.cr  rr;  is  irf-M-iu.in^. 

The  acmal  p-i^jlucf  iv.f  t-y  is  c::]>ra^\-;i'd  in  Table  3.6   by  the  r.u  iibcr  of 
book  tltlcn  pi'r.'ciuccfi  p- r  scxeiU-Lsl:  aiul  o.rgl">'i:r.     Tli^rc  v.'r>'  a  very  lar^o  ia- 
croac^f^  from  3  960  to  190/;,   f  ol  lo=/cfi  by  av.  ex;..  r..lcd  pcrioJ  of  Icvelliiij];  off. 
Tlic  ferrC'r^L   tbrou.";)!  TOT/?  bMi3[;f!.^ l:*;  a  gradual   iacr'.':./C:  in  b<>:;k  titlea  per 

:ienl  i  n  and  •/•n.':  Lneor .     Tiio  niti-ibor  o*"  til:It^-.  pad)"' J  sl^eri  i?  c:  pected  ic  increase 
about  18  p.  rceiU   frop^  1**.'75  to  19^0  aad  the  p I'oduc: t  f vj  ty  p.rr  sci eaa;:i s t  and 
Gap;inecr  :     an !:  I  c  i  p:i  t  etl  l.o  i]i(:j:ear.c  abo-jt  four  paru''-.:it. 

If  th-:   above  rondel  is  aiiplit.-d  to  fovoc;^;  t.   llu-  r.usber  of  bcok  r  itlcs 
puiairdied    frn::^  ]973   Lb]-')ii[,h  1900,    the   ^ir;.iirr:;:  >;jv.:i  in  TrdO      3.6  are  obtained. 
The?:e  data   Te   in  FL^;i!  -"  3.2,   aluiu;  \'i  l.b  the  an.^-ar  of  boak  titlea  pabHahed 
from  19C.M  up  I97A. 

o  f  h 0  0'.  t  '*  t  e  r>  p  Lib  1  i  rd • d  is  ex- 
l^'^VC  p;  rJ.id  :it  abuat  ^.2  to  3.7 
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Thf'  rav  of  i  thj -"ease  (^f  t  !k-  nv:  ^ber 
ivctid  to  I  .n.'r»;a:('  ^-t.  d  !  ^  y  owe  tb-  l'^/'3  to 
p'.*  J  rcn  L  pe  r  y  ^-  a  r  . 


3  ?      NUMIU-R  OF  r.ClENTIFTC  AND  TCCHNICAT,  BOOK  TITLES  PUnLISIIEI)  IN 

U.  S.:  1960-1980 


Data  on  books  published  do  not  exist  for  the  nine  specific  fields 
of  science  of  interest  to  us.     However,   the  classification  used  by  Bowker 
can  be  manipulated  to  roughly  approximate   six.  of  the  fields  of  science. 
The  number  of  book  titles  published  in  those  fields  is  shown  in  Table  3.7. 
It  is  noted  that  there  arc  substantial  differences  among  the  fields  in  the 
number  of  book  titles  published  as  well  as  the  rate  of  growth.     The  rate  of 
growth  for  sociology  and  economics,  nearly  ten  fold  in  the  past  fifteen  years. 
Is  clearly  the  greatest.     The  pattern  of  growth  froTr.  1960  to  the  present 
seems  to  be  fairly  consistent  among  the     six  fields  of  science.     The  growth 
from  I960  to  1965  was  very  large,  ranging  from  65  percent  in  technology  up 
to  330  percent  in  sociology  and  economic:  .     Thr  next  five  yeaJ-s  (1965-1970) 
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dampened  out  considerably,  however.     The  growth  (or  decline)  ranged  from  -8 
percent  in  science  to  82  percent  in  sociology  and  economics.     The  next  five 
year  period  resulted  in  a  recovery  and  moderate  growth  In  all  classes  except 
philosophy  and  psychology,  where  the  increases  went  from  104  to  31  down  to 
four  percent  over  the  three  five  year  periods.     The  remaining  classes  ranged 
in  growth  from  17  percent  in  sociology  and  economics  up  to  52  percent  in 
agriculture.     It  is  interesting  to  note  that  the  science  class  of  sociology 
and  economics  is     overwhelmingly  the  largest  class  in  terras  of  magnitude  as  well 
as  growth.     However,  as  will  be  shown  later,   this  class  of  science  makes 
moderate  contributions  to  the  journal  literature. 

In  order  to  forecast  the  number  of  book  titles  published  in  each 
of  the  six  classes,  we  ran  a  stepwise  multiple  regression  on  data  from  each 
class.     The  independent  variables  used  for  each  class  included  number  of 
scientists   (lagged  three  years),  number  of  Ph.D's.,  Federal  obligations  for 
research   (lagged  six  years),  and  Federal  obligations  per  scientist  and  engineer 
(lagged  three  years).     Where  there  was  a  substantial  amount  of  colinearity, 
some  of  these  variables  were  discarded  in  our  final  equations.  Correlation 
coefficients  for  the  six  classes  ranged  from  .89  in  engineering  to  .99  in 
sociology  and  economics.     The  results  of  the  forecasts  made  (shown  in  Figure 
3.3)  indicate  moderate  growth  over  the  1975  to  1980  period,  ranging  from  five 
percent  in  philosophy  and  psychology  to  46  percent  in  technology. 

3.1.3         Distribution  and  Price  of  the  Book  Literature 

There  is  not  a  really  good  sour      for  determining  the  distribution 
of  books  in  terms  of  number  of  copies.     Thus,  we  have  derived  this  number  by 
dividing  the  average  price  into  the  receipts  reported  by  Bowker.     Though  not 
an  entirely  satisfactory  procedure,   this  does  provide  a  reasonable  indicator 
of  trends  in  the  number  of  copies  distributed,  average  number  of  copies  per 
title  and  average  number  of  copies  distributed  per  scientist  and  engineer. 
The  average  price  of  scientific  and  technical  books  was  derived  from  the 
average  prices  reported  for  each  of  the  six  scientific  classes  mentioned 
above.     The  average  was  found  by  summing  the  product  of  prices  and  number  of 
book  titles  published  annually  over  the  six  classes  and  dividing  the  total 
number  of  book  titles  published  annually.     It  is  noted  tliat  the  estimat  of 
average  price  up  to  1970  were  based  on  titles  published  from  1971  on  copies 
sold.     However,  this  does  not  appear  to  distort  the  trend  over  time  in  either 
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the  overall  average  price  or  Tor  individual  classes  of  science  (given  later). 
The  overall  average  prices  and  the  remaining  information  related  to  book  dis- 
tribution are  given  in  Table  3.8.     The  average  price  in  current  dollars  in- 
creases steadily  from  1960  to  1974,  but  in  constant  dollars  the  increases 
have  not  been  quite  so  dramatic.     The  average  price  in  current  dollars  is 
plotted  in  Figure  3.4  with  an  exponential  curve  fit  to  the  observations.  This 
curve  is  as  follows: 

log    Y  =  0.903  +  .023X 

where:  Y      is  the  estimated  average  price 


X    ^  is  the  year  published  (0  is  1960,  1  is  1961  .   .   .  .) 

Even  though  the  1975  forecast  may  be  low,  the  overall  trend  appears  to  be 
reasonable  based  on  the  past  observations.     If  this  trend  holds,  one  would 
expect  average  prices  in  current  dollars  to  increase  about  31  percent  from 
1975  to  1980  and  decrease  slightly  in  constant  dollars.     This  forecast,  how- 
ever, is  highly  tenuous  since  it  is  subject  to  the  vagaries  of  the  nation^s 
economy  and  inflation. 

Total  receipts  for  book  sales  are  also  shown  in  Table  3.8,  and 
plotted  in  Figure  3.5.     The  trend  is  computed  to  be: 

Y  =  53.3  +  10. 8X 


wher  • 

Y      is  the  estimated  total  receipts  in  millions  of  dollars 


X      is  the  year  published  (0  is  1960,  I  is  1962  .   .   .  .) 

Receipts  have  increased  steadily  since  1960,  and  this  trend  is  expected  to 
continue.     However,  when  one  looks  at  the  receipts  per  title  the  picture 
takes  on  a  new  appearance. 

The  total  receipts  per  title  figure  was  derived  by  dividing  the 
total  receipts  by  the  number  of  book  titles  published  as  shown  in  Table  3. J 
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Figure  3.6      RECEIPTS  PER  SCIENTIFIC  AND  TECHNICAL  BOOK  TITLE:  1960-1980 
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Tliese  figures  are  in  the  $10,000  to   :» 1 5,000  range  and  havi   remained  fairly 
stable  over  tlje  years.     Current  and  eonsLant  dollar  reccipLS  per  title  are 
shown  in  ?M.gure  3,6,     These  Indicate  a  .suhstnntial  decline  in  v:onstan'  terms, 
and  are  quite  significant.     Tf  the  cmistant  dollar  cost  of  producing  books 
does  nor  also  decline  over  the  years  (for  example,  due  to  reduced  num!)cr  of 
pages  per  book),   the  book  publishers  will  be  hurt  by  reduced  profits  or 
possibly  even  losses.     Data  are  not  available  from  secondary  sources  to  verify 
this  hypothesis  but  it  is  anticipated  that  the  publishing  stuiy  underway  by 
the  New  York  University  (73)  will  address  this  phenomenon  in  more  detail* 

One  reason  that  the  receipts  per  title  are  dovn  apparently  is  that, 
as  sliown  in  Table  3.8,    fewer  copies  per  title  are  being    .old.     The  average  number 
of  copies  sold  per  title  has  decreased  rather  steadily  over  the  entire  period 
of  time  from  1960  to  19"^^.     Overall,   the  figure  has  decreased  67  percent. 
We  note  over  the  same  time  period  the  number  of  titles  produced  per  scientist 
and  engineer  has  increased  151  percent  while  the  number  of  copies  sold  per 
scientist  and  engineer  has  d^e creased  by  17  percent. 

Computations  of  the  average  number  of  copies  sold  per  scientist 
and  engineer  for  1975  to  1980  show  a  continued  decline,  down  to  five  by  1980. 
One  also  might  project  this  figure  based  on  the  expected  negative  correlation 
with  average  constant  dollar  price.     The  equation  in  this  case  (shown  in 
Figure  3.7)  would  be; 

log  1.10  "  .025X 

where ; 

Y      is   the  estimated  number  of  copies  per  scientist  and 
engineer 

X      is  the  average  constant  dollar  price 

The  correlation  coefficient  obtained  is  0.8.  .     Projections  based  on  this 
equation  indicate  a  slightly  increasing  nuniber  of  copies  per  scientist  to 
1980,  goinj.',  from  5.96  copies   in  1975  lO  '"^.82  copies  in  1980.     Tliese  figutes 
appear   less  reliable  tlian  our  earlier  calculations. 
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The  magnitude  of  the  number  of  books  published  per  scientist  seems, 
to  us,   to  be  quite  high.     It  appears  that  there  arc  about  eight  copies  dis- 
tributed for  each  scientist  and  this  number  is  low  since  it  represents  only 
hard  copy  book  volumes.     Many  of  the  copies  are  purchased  by  libraries  to  be 
used  by  a  community  of  scientists.     Thus.,  it  would  seem  that  many  more  copies 
of  books  arc  distributed  than  are  likely  to  be  read  by  scientists  so  that  a 
further  shakedown  may  occur  in  the  book  industry.     Uc  feel  that  two  things 
are  likely  to  hapn:ji:       First  fewer  books  will  be  accepted  by  the  publishers 
and  secondly  cither  Jrastic  cost  reduction  will  take  place  or  prices  will 
have  to  increase  in  which  case  demand  v;ill  be  reduced  furthcr- 

Table  3.9  shows  the  average  prices  for  boolts  puMlshcd  in     -e  six- 
classes  of  science  designated  by  Bovker.     Again,  it  is  noted  that  there  are 
substantial  differences  among  classes  in  both  the  magnitude  of  the  average 
prices  and  in  the  rate  of  increase.     The  total  aver^ige  prjcc  of  books  has 
increased  116  percent  in  current  dollars  and  31  percent  in  constant  dollars 
over  the  1960  to  1974  period.     These  increases  are  cquivalen::  to  average 
anr  al   increase^,  .-f  5.6  and  2.0  percent  respur  ti vel y . 
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One  of  Die  mosf  elusive*  C'.>;  tir:aLcii;  thnt  \n:  hav-.-  dealt  vn  Lli  la  thir. 
study  is  tlie   total   nnmbcr  oT  scicntiric  and   te^chnicnl  join'nals  publ'isliod  in 
the  v;or]d  and  in  the  United  States.     The  di  f'f  i  cul  f  1  <.\s  onco'.interod  v;it]i  making; 
ther:e  estimates  are  i-.v.'ofold.     First,   there  is  a  major  q;je.sC.ion  of  dc^finitioa 
as  to  what  publications  should  be  included  or  cxr-ludL-d  in  tern.'C  of  their 
scientific  and  technical  content,   sshol   rly  c[iiali(.y,  i'mvI  periodicity  of  pub- 
lication.     Secondly,  raany  of  the  erl,i:nates  tliat  liavti  bc-cn  made  in  tlic  past 
are  based  on  available  information  fro:n  e^cistinj^  liwldin^s  and   these  data  are 
not  reliable  because  they  do  not  er-xlude  journals  that  liave  become  extinct. 
The  reason,  of  course,   tliat  tliey  do  not  purge  thoye  journal  titles  from  their 
lists  is  that  the  lists  serve  as  a  reference  tool.     In  order  to  cope  with  the 
definitional  difficulties  encountered  with  making  ostir.ates  of  the  number  of 
journals,  we  present  two  estimates  of  scientific  and  technical  journals  pub- 
lished in  the  United  States.     Th.    first  is  a  narrow  definition  that  includes 
only  scholarly  journals  and  the  other  is  all-inclusive. 

The  next  two  sections  provide  estimates  of  the  number  of  scientific 
and  technical  journals  published  worldwide  and  in  tiie  United  States.  Furtlier 
sections  concerning  journals  deal  with  the  time  required  to  publish  journal 
articles  (3.2.3),  and  journal  distribution  metliods  and  prices   (3.2.4  -  3.2.8). 

3.2.1  Number  of  Scientific  and  Technical  Journals  PuMA^lg^J^^J-JL^^^jjiL 

To  illustrate  tlie  exponential  growtli  of  scientific  journals.  Price  (121) 
showed  the  number  of  journals  from  approximately  "  tlie  years  1660  to  2000.  He 
estimated  that  tlicre  were  nearly  50,000  journals  in  existence  by  the  beginning 
of  tlie  present  century.     However,  he  warned  tliat  this  fi::i:re  represents  the 
total  number  of  journals  ever  published,  and  therefore,  also  includes  those 
which  have  become  extinct.     He  estimated  live  worldwide  journals  published  in 
1963  to  be  about  30,000. 

Bourne   (17),  writing  in  19^.2,  estirnated  this  popul/ition  to  be  in  the 
range  of  30,000  to  35.000  titles.     Other  estimates  of  30.^000  ro  /|0,000  journals 
appear  to  be  based  on  the  World  Lij^t     L S^^n^tJXi c-ll^.    ^^A),  which 
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lists  appfoximaLcly  60,000  eiUric?:  for  1960.     llowovor,  according  lo  Gof.LsclKilk 
«nTul  Di'sii^ui-d  (5r>)  J  ctt:  lensi  33  pcrcL:n(;  of  tliis  19G0  figuro  conrjiufn  of  dnceasod 
titles,     Barr   (9  )   Ceols  tlint      c  mortality  rate  in  even  hl^lier  and  that  on.ly 
about  AO  pcrceiit  of  the  1960  figure  (i.e.,   24,000)  represents  actual  live 
tiLles.     In  addition  to  the  inclu.'^:ioii  of  deceased  journals,   tlie  V7orld  i.ist  of 
Scientific  PeriodJcals  rcpresent.s  an  -inflated  figure  because  of  a  loose  inter- 
pretation of  the  term  "scitMiti  ^"ic  serial".     Its  definition  extends  lo  liouse 
organs,  nvmualr; ,   revievv/s,  [.  ^. -prints,   renearcli  paperr^,  other  technical  report 
literature,  and  so  Therefore,   if  is  probable  that  the  number  of  live 

titles  included  in  the  1960  figure  is  considerably  less  than  24,000, 

In  a  study  for  the  Science  and  Technology  Division  of  the  Library 
of  Congress,  published  in  1962,  Gottschalk  and  Desmond  (55)  attempted  to  pro- 
duce an  accurate  count  of  scientific  and  techiiical  periodicals.     In  defining 
"scientific  and  technical  serial"  ,   they  tried  to  be  as  unrestrictive  as 
possible.     A  serial  or  periodical  was  defined  as  "a  publication  intended  to 
be  continued  indefinitely,"  but  they  omitted  such  categories  as  promotional 
literature  or  house  journals,   technical  report  literature,  and  proceedings 
(conferences)  of  international  organix-atioiis.     Also  excluded  vjere  cover  to 
cover  translations,  publishers'   series  (which  are  actually  monographs), 
administrative  reports  of  organizations,  college  bulletins  (devoid  of  signi- 
ficant scientific  and  technical  content)  and  other  publications  considered 
of  little  value  to  science  and  technology. 

For  purposes  of  the  Gottschall:  and  Desmond  study,  science  and  tech- 
nology comprised  the  nati'ral,  physical,  and  engineering  sciences.  Social 
sciences  were  excluded,  but  the  beliavioral  science  of  psychology  was  included, 
and  so  were  some  borderline  subjects.     For  example,  a  journal  covering  the 
historical  aspects  of  anthropology  v;as  excluded,  but  a  journal  devoted  to 
antliropology  v:as  i  ncluded  . 

To  conduct  their  census,  Gottschalk  and  Desmond  decided  to  comb  the 
most  coniprGhensive  and  recent  serial  listings  of  each  country  for  current 
titles.     For  tlie  United  States   they  covered: 

In  keeping  with  the  writir^gs  of  oLher  authors  and  tliose  racMii  ionod  in  this 
section,  the  term  "serial"  will  be  used  interchangeably  with  "periodical" 
throughou  t  this  d  iscu'/e;i  on  . 
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^  1?^IDJJa^-7_  ^-'^^_t^Al^P.  of  Ihiitod  ''>t:-'^i  ^^"^  /^c)V^<:j  nfiit^^U'  J^ul^T-J  caLi  oiis 
©    Mont h ]X J?JlSi?Ji.LL^!^ Jlf.  Ji t.jtt'  Pul )  1  Icat  ioi-i s  ,  p n d 

•  A^.^-ST  A-tl?_j^iJl^JL^l£llI'. '  c'cd  Soci  fjtles  of  Llic  Uni_red  Sin  ti^s 
and  C  .nada* 


Gotlschalk  and  Desinond  idenLifDcd  the.  nain  publifdring  couuLrics  of 
sci.entiific  and  technical  periodicals  in  19G1  as: 


United  States  6200  titles 
Germany  (East  and  West)  3500 
Japan  2800 
France  2800 
USSR  2200 
United  Kingdom  2200. 
 \  World  35000  -1-  10% 


Six  years  after  the  Gottschalk  and  Desiuond  census,  K.  P.  Barr  of 
the  then  National  Lending  Library  (NLL)  vjrotc  an  article  (9  )  contesting  the 
"V/orldwide  Census'*  figure  of  35,000.     Barr  suggested  that  a  more  realistic 
figure  was  26,000  titles.     This  estimate  was  based  on  the  number  of  journals 
"currently  received  or  on  order"  by  the  National  Lending  Library  in  Great 
Britain,  whose  goal  is  to  collect  all  periodicals  "v:bich  contain  at  any  time 
matter  of  interest  to  practicing  scientists  and  technologists/* 

Like  Gottsclialk  and  Desmond,   the  NLL  defined  a  serial  as  a  "publi- 
cation  to  be  continued  indefinitely."     Tb.cy  also  defined  science  and  tech- 
nology as  comprising  the  natural,  physical,  and  engineering  sciences  and 
borderline  subjects;   the  only  real  difference  being  that  the  NLL  covered  only 
experimental  psychology,  and  therefore,  may  have  liad  fev;ar  psychology  titles 
than  the  "Worldwide  Census".     This  v;as  off5:ct,  hov.'^^ver,  by  the  fact  that  the 
Nil.,  covers  cert    'n  aspects  of  management,  businos'';  methods,   and  economics. 

In  his  1  967  article,  Ba^^r  stated  that  tiic  NLL  excluded  only  tV70  of 
tlie  categor  ies  vlilch  v;cre  excluded  in  tlio  Got  tscl-jal L  and  Dosr.iond  report, 
h.o^.isc'  journah-:  and  publishers'   serTc-s.     Nevertheless,   the  NLL  had  a  lovyer 
coveraK,o  of  titles   thnn  the  "V/orldv;ide  Cen.-us"  iiuWcat  in;;  tliat  the  liigher 
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f'jpi'rc  Ccnif)of  1)0.  nuc  Lo  covcrJ.ii-  a  Icr-c-r  iJ.cld.     By  Lhc  caul  of  1965,  the  NLL 
nad  ^/^r.''M  LiLlf's  curr^MU  ly  rc:cc.'.vc(l  and  about  3,600  on  o   ^cr  for  a  toLal  of 
26,20:j  tilli-.'.:.     Tiii.s  ficuuc  is  coii.j  i.derably  uadi^r  the  "Worldwide  Cenjiis" 
liyur.'         35, -JOG. 


In  1971,   the  NLL  Review    (1A7)  reported  36,599  titles  received  and 
anotiic-r  3,668  on  order  loi  a  toral  of  40,267  journal  tirJ.es  published  world- 
wide.    Ky  this  tine  the  counts  inclr.ded*  social  science  publications  whicli  had 
been  e.xludcd  in  the  1967  figures.     The  total  number  of  publications  reported 
for  the  United  States  was  8,006  titles  vrhich  included  7,285  titles  currently 
received  and  721  titles  on  order. 


According  to  an  article  appearing  in  the  September/October  1975 
issue  of  the  UNESCO  Bulletin  (38),    the  British  Library  Lending  Division  (BLLD) , 
formerly  the  KLL,  now  collects  material  v;orldwide  from  the  following  categories 


o    all  significant  serials  in  all  subjects  and  languages 
(44 , 000  t itles  current] y  received) 

©     all  significant  English  language  monographs 
(55,000  volumes  per  year) 

o     report  literature  from  over  90  countries 

(over  one  million  reports  in  total  currently 
held  -  mostly  in  microficl^e) 

e     all  types  of  conference  proceedings  and  symposia, 
including,  tho;:::  which  appear  in  serial  form 
(about  9,000  per  year). 


Judging  from  the  August  1971  table  of  serial  titles  currently  re- 
ceived and  oil  order  by  the  NLL,  the  last  three  mentioned  categories  are  ex- 
eluded  from  the  ''all  significant  serials'*  total  of  44,000. 


Thiri  obsf^Tval  ion  appf^irs  to  conflict  \:ith  the  exclusion  categories  stated 
in  r,arL-'s  .1967  article.     The  figures  ji.^ited  in  the  1965  table  of  serial 
title:;    IkcIm:';.'!    in   Llie  artlcL:-  also  to  conflict  wiLh  Rarr's  exclusion 

cat  e,;.or ,   i  i  id  i  c/i  t  i  dT'.   'liaL   in  real  i  tv  the  Nf.L  does  excluiio  basically  [he 
sane  cat  ^'j/M  i  OS   fro;.:  '»    '*  r  scrinl   totals  as  did  Gottsclialk  and  ne:;:;-ond. 
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TIk  i  ^:   Is  niiolln-)-,   r;nri.-' .     ; : 
check  '.-A   l\u'  '.M,  i.i  I  i^::-     Tlio  !. 

nat  i  :.'v'  ^-al  ^  _P  f  •  '••^  l;  >  C^^!-' 

197/-I,   n  f;;Tr..-lt  of  96  pcK  OT-i         .-n  . 
growth  of  8.r  p  vrct'i.L  .     Dv.  r;  Llifi'  .v 
and        not  r.'sl  ci  clfil  tu  Lin'  rjci^'t;'. 
SLiniably  ci  rcn:;«.:'iir.l>ln       Tl  c:*  L' i  r^:  of  ; 


of  Li::lr-'-i  li.-'.tr-ci  i  n  UJ  rj\rj /_^s;_  Jj]ij:_rT  ^ 
)    i  :,rr,  ,.;;;■(]   frr,.!  2^^000  iu  19^6  to   53,000  iu 
•  r;.!i-  pt'.-.irr',   or  '^ri  vivornjv^.  annual 

'  J  r'^'Lot-y        'vno\;;i  tc-  Ix.   I  ncoinpleto , 
t:h::     rovM!'  i  i"   t'lC-  cUrccLorv  is  prc- 
"rcr'Ii  in  ihc.  \\\r:„]icr  of  p(jL-j odicils 


In  1970,  i I o v c  \' o T- ,   a  t <•  . ' . 
Gstinia ted  the-,  currei: L  birtl)  cctc-  of 
year,   al  (ihor.irli  tliif.  v;as     thoi:p,]it  n,. 
the  hlrcli  rafo  of  no\<  cow-.i^'^rcirA  jo 
found   to   i  0  T-i\c.]\  grcalKyr  Lha':  uh.i 
percr'nt)  .     Morl-ality  v;;-:.-;  founu  Lo 
in  Lhc-  nu-iionr  of  joiiL-hal.s      :i i Ir  1.!^ ' 


'U,-.  cf  the  NalJunal  Acadofny  of  Sciences  (59) 
:;.::v.  journals  r.o  be  about'  2.5  percunt  a 

a        Ighr"  uudcrr.-s i iina r c.     At  that  time 
■.-ivr-ls',  i:t  atf'Ut  8  percent  a  yoar,  was 
/Lb  :,-.Lc-  of  nonprofit  journals   (about  1.4 

.ic;.:.J;_,."'\'le  30  that  tliO  rate  of  increai^a 
.r  L.-^r.C'.n  tjnlly  the.  sana  as  th^  hirth  rate. 


Price-,  v;rit:inp;  in  1961    C!:.':)^    rc-pr^rted  a  doubling  oC  number  of 
journal!.;  over  a  tine  of  r.howt  15  yc,.       :  nd   tbat  this  rate  of  f^rov^th  had  been 
rcr:arla])ly  conot.ant  Tor  cco^vir'U'S .     .\  tloiM.'iig  rate  of  15  years  rcprcscncs  a 
grov7tli  rale  of  about  5  j^ci/cc-nt  a  >'  ■ 


Clearly  there  is  ri  ^.'Ldo  d'  •.r.r£-'p'::r:y  bcr-.eon  grov/tli  of  periodicals 
as  reriei:ted  by  the  holdin-s  of  l^l.T.  ..  nd  0\c  ll.s;t.s  of  Ulrich,  on  the  one  hand, 
and  tuL!  cstiirritcs  of  Prlr.r'  i;rn\   th-.  r.-tioMal  Acad-ii^y  of  Sci^-niccs   (MAS)   on  the 
olhor.     The  Price  coiip'vird  [r/o\:ih  y.:..-  of  5  percent  a  year  i.s  equivalent  to 


about  o!ie  half  oT  the 


r('v:!.'i  rule  i\ 


n  t'.e  KAS  and  Ulrich  f'-^^ures. 


Fur;-bctr  d-t.-:  on  tlic  rr/ol  lu. '  r^n  oT  r-.c.lencc  journal^:  are  avallablo  in 
two  puM  icat  ioi;'>:  ol   tlir.'  Tntr-i-n-:!  :  CvicM.  of  Scientific  Unions   (ICSU)   (63,  128) 

The  djt::,   f:or  Lhe  entire  p.M'i'-.'   ;0;O   -  106U,   sue;r^csts  an  avera-o  annual 

rate  o'   ^roi.'th  <>f  about  12  pur  j.al    ,u  yv.r  o.i  the  pliy.sical  sciences  and  about 
5.5  n..  ."cr  at   a  vt^ar   i'l   rlr'.  b  ^  (»1 1  >' .  *  ^  :  '    :X  i.^-ac.  . 
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3.2,2  ^'^^"'Jl!'^*.  of  SclonLl  f  I  c  and  i  r.-jj,  JouruMl.G  Pu]>lir.hecl  In  the 

Uni tc.t]  Si cilns 

There  is    oine  evidence  in  the  literature  concerning  the  amazing 
growth  of  tlie  number  of  journals  in  the  Un5  ted  SupIo.s  over  its  history.  The 
National  Science  Foundation  (93)  gives  tlie  picture  of  tliis  growth  up  to  1959 
based  on  a  sample  of  journals.     If  we  apply  our  observations  of  growth  since 
1950  as  derived  later  in'  this  section,  L   ^  complete  picture  up  to  date  appears 
as  shown  in  Figure  3,8, 


Figure  3.8      GROWTH  OF  U.  S.  JOURIJALS 


0 


Yr.r 


A  time  series  model  wns  fit  to  tiiis  curve  to  forecast  into  the 
future.     The  equation  used,  as  shov.ni  in  Fij;,u.:e  3.8,  was  tlie  following: 
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^=  3.19  -  2.06X  +  .172'/^  -  .002X^ 


where; 

/\ 

Y      is  Llic  cr. til MiMlcd  miriib'M:  of  U.  S.  S^T  journals 

X      is  the  year  (1  is  2  is  1859,   .   .  .) 

Tliis  ^TOv.'th  based  on  thi^  curve  appears  to  be  da^iponing  out;  5;oincv;lie  L .  For 
example,   the.  increase  over  ten  years  at  the  turn  of  the  Century  was  91  per- 
cent,  in  1950  the  increase  was  "3  percent  and  in  J.9S0  it  is  projected  to  be 
22  percent.     Derek  de  Sella  Price  (12A)  einphasizcs  tliat  tliis  is  to  be  expected 
in  developed  countries  such  as  the  United  States.     In  fact  he  has  demonstrated 
a  higii  correlation  between  growth  of  developing  countries   (as  measured  by 
electrical  pov:er)  and  scientific  output  as  neasured  by  scientific  and  techn^'cal 
journals.     Thus,  one  can  reasonably  predict  by  this  means  the  growtii  of 

science  and  scientific  output  of  developing  countries  as  well  as  the  more 
highly  developed  countries. 

For  recent  years,  we  have  chosen  to  present  two  estimates  of  the 
number  of  scientific  and  technical  journals  published  in  the  United  States 
The  first  estimate  is  based  on  the.  broad  definition  of  scientific  and  techni- 
cal journals  as  applied  by  the  British  ::ational  Lending  Library  Cnow  called 
BLLD)  .     The  second  estimate  is  based  on  a  narrov:er  definition  of  serials  used 
by  the  Indiana  University  Graduate  Library  Scliool  in  a  197A  study  (/;S)  con- 
ducted for  the  National  Sci ence  Founda tion .     The  Indiana  University  study 
covered  only  scholarly  journals  in  pure  sciences,  applied  sciences,  humanities 
and  social  sciences.     In  all  of  our  estimates  we  have  excluded  the  humanities 
journals.     Otlier  exclusions  involve  trade  journals,  government  publications, 
secondary  journals  and  all  other  serials  not   defined  as  scholarly  journals. 
A  precise  definition  of  their  basis  for  inclusion  and  exclusion  is  ^iven  in 
Appendix  IV. 

According  to  our  broad  definition  of  scientific  and  tecliniral 
journals,   estimates  for  the  nii-ibers  of  scientific  and  technical  journals  pub- 
lished w.^rlclwiMo,    inrle'ling  in  the  United  States,  are  given  in  Talkie  3.10.  We 
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were  told  (iial   flio  Got Ly.cli'ilk  and  Dcsi,iond  fi;_;urei:  included  some  extinct;  publi- 
cations and  Lhal:  this  was  cst.ininLcd  Lo  be  about  33  pei'cent  of  tl)e  total. 
Thus,   this  estimate  v;a.s  used  for  1961,     In  1963  through  197^f,  BLI.D  data  vjcre 
used  for  the  number  of  v;orldwidc  journals  that  v:ere  publislicd.     The  proportion 
of  U.   S.    titles  in  1971   was  19.1  or  8,020  journals.     Because  this  figure 
includes  social  science  journals  not  include  '  earlier  and  excludes  the  hTiir,npl- 
ties  journals  added  later,  we  used  it  as  the  h  sis  of  our  U.  S.  estinates. 
Separate  growth  rates  for  social  sci(?nces  and  t.     remainder  of  tlie  sciences 
were  then  derived  from  a  Batli  University  study  (Al)  and  our  journal  tracking 
study.     These  rates  v/erc  applied  to  the  1971  figure  to  obtain  the  estimates 
presented  in  Table   3.11.     As  shown,   the  increase  in  the  number  of  U.   S.  journals 
betv/een  1960  and  1974  w^as  33.5  percent,  equivalent  to  an  average  annual  in- 
crease of  2.1  percent. 

In  1973  or  1974,   the  Indi  :ia  University  study  identified  2,563 
scholarly  journals.     We  carefully  scanned  their  list  and  deleted  the  scholarly 
humanities  "journals  and  some  otliers  to  arrive  lat  1,945  scliolarly  scientific 

and  technical  journals.     A  sample  of  191  of  these  journals  were  then  tracked 
back  to  1962  to  identify  journal  births  during  the  period.     We  then  took  a 
sample  of  178  of  the  journals  from  Ulrich/ s  or  New  Serial  Titles     (13  4)  listing 
1962.     These  tit3.es  were   tracked  for\.ard  to  determine  death  rates.  From 
these  observations  we  were  able  to  estimate  rates  of  change  within  each  of 
the  nine  fields  of  science. 

By  the  process^  stated  above,  estimates  of  the  number  of  scliolarly 
scientific  and  technical  journals  published  in  the  United  St  ites  were  found. 
These  estimates  are  sliov/n  in  Table  3.11.     The  results  v/ere  extended  to  1980 
using  a  linj^ir  regression  model  b.'ised  on  the  numljer  of  scientists  cind  engi~ 
neers.      (See  Figure  3.9).     The  estim^ited  number  of  journal   titles  increased 
by  about  46  percent  over  the  period  from  1960  to  1974.     This  increase  yie].ds 
an  annual  average  of  2.6  percent  increase.     The  five  year  increases  appear 
fair]y  coiustnnt  over  the  entire  twenty  year  period. 

Changes  in   titles  ucc-:-  nor*  consi  dcred  a  birtli,  but  a  joui'nal  tljat  split 
into   tv.^o   iouinal-:  v;n^;  considoi'ed  a  birtli  of  one  of  thei;j. 

A  merg(.:r  of  tv;o  journals  was  cons  i  lered  to  he  a  deal-li  of  one  of  the 
j  ournals . 

^''^^  It  is  noted  that   the  birth  and  (!«..>th  of  Liie  same  Jourr.al   botw^M-.n  1962 
and  197.'j  would  not  have  l^eep  ob:;.  rv\d  hy  using  our  proce(hire. 


Table  3.10:      ESTIMATES  OF  THE  NUMBER  OF  SCIENTIFIC  AND 
TECHNICAL  JOURNALS  PUBLISHED  WORLDWIDE  AND 
IN  THE  UNITED  STATES:  1960-1974 


Year  of 
Publication 

No.  of  Journals 
Wor  Idwide-'- 

No.  of  Journals 
U.S. 2 

I960  .   .  . 

r 

18,800 

6,335 

1961  .  .  . 

23,600 

6,465 

1962  .  .  . 

23,100 

6,614 

1963  .  .  . 

26,462 

6,780 

1964  .   .  . 

25,573 

6,950 

1965  .   .  . 

26,235 

7,120 

1966  .   .  . 

30,110 

7,290 

1967  .   .  . 

34,594 

7,500 

1968  .   .  . 

37,182 

7,670 

1969  .   .  . 

39,674 

7,830 

1970  .   .  . 

40,431 

7,920 

1971  .  .  . 

41,930 

8,020 

1972  .   .  . 

44,676 

8,170 

1973  .   .  . 

47,657 

8,330 

1974  .  .  . 

49,440 

8,460 

SOURCES:       1961:     Gottschalk,  CM.   and  Desruond,  W.F..     "Worldwide  Census 
of  Science  and  Technology  Serials."    American  Documentation, 
1A:3  (July  1963). 

1963-1974:     Line,  Maurice  B.  and  Wood,  D.N..     "The  Effect  of  a 
Large-Scale  Photocopying  Service  on  Journal  Sales."    Journal  of 
Documentation  (scheduled  for  publication). 

1971:     Davey,  J .  5; .  and  Smith,  E.S..     "The  Overseas  Services  of 
tlie  British  Library  Lending  Division."    Unc'co  Bulletin  29:5 
(September-October  1975). 

Market  Facts,   Inc.,  Center  for  Ouant  i  t«i  t  tve  Sciences. 
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TnbK-  3.11    ]■  ST  I  MA'i  r..';  Of  I:.);  o;  ;;r;i;.>!.Arr.v  r,c;j.i;;iTJ  r  ic 

AND  TECiiNrcAi.  .;;):-:";.M,  tit;.!!;  m.;];'.) tn  thc 

UNITi.U  STA  fh;-:     ] 'joO-:!  Ob'O 


Year 

1960  .  .  . 

: 

1,402 

1961  .  .  . 

I 

1,520 

1962  .  .  . 

1.553 

1963  .  .  . 

1,591 

1964  .  . 

1,628 

1965  .  .  . 

1,667 

1966  .  .  . 

1, 702 

1967  .  . 

1,752 

1968  .  . 

1,787 

1969  .  . 

1,823 

1970  .  . 

1,337 

1971  .  . 

1,856 

1,887 

1,919 

1  07A 

1,945 

* 

1975  .  . 

1.960 

1976  .  . 

2,013 

1977  .  . 

2,041 

1978  .  . 

2,076 

1979  .  . 

2,106 

1980  •  • 

2,140 

1960-65 

12 

1965-70 

10 

1970-75 

8 

1975-80 

8 

Market  Fac'.s,   Inc.,  C.-lor  fcr  Q'.'=-ntitc'.ivc 
Sciences , 

SOUKCE:     Jourr.-iZ  tr^T'-.i  n,^  Z^'\-^.y,  ?::irkct  Tact?;, 
Inc.,  Ccr.ttr  for  Q      ritoi.'va  ScicTc.s. 
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Firurc  3  9     r:u>mKR  or  u.  51.  Sf/r  ^ciiot.aki.y  jourkai/:  as  a  rU-CTKOl 

SCIKNTJSTS  AND  Er:r:  1  Nl'.KHS 


OF  i:uMi;ii:R  01' 


2000.. 


ISGO 


-i  looo. 


icoo 


Numbc : 


1500 

•.;:,t«  ar.d  Engineers 
ands) 


2000 


SOURCE:   MarV.ct  F-icts.  Inc..  Con;<t  r  /or  Os:ur.ii:ativc  Scicnccc. 

The  Indiana  University  study  estimated  the  growth  in  number  of 
scholarly  journals  to  bo  8.3  percent  from  1969  to  1973,     Tills  comes  to  an 
average  of  2  percent  per  year.     Our  estimate  for  the  corresponding  time  period 
is  5.3  percc:  t:  or  1.3  percent  per  year.     It  is  noted  that  tiie  percentage  in- 
crease from  1965  to  197^f  of  the  broadly  defined  serials  is  19  percent  and  the 
corresponding  increase  for  the  scholarly  journals  is  17  percent. 

Again  based  on  our  Journal  Tracking  Survey,   the  estinated  number  of 
journals  and  articles  publislied  in  the  nine  fields  of  science  is  given  in 
Table  3.12.     The  number  of  journals  published  in  1960,  1961  and  1975  through 
1980  was  found  by  time  series  analysis.     The  totals  were  adjusted  to  sum  to 
the  forecast  nuinber  of  journals  shown  in  Table  3.12.     Journal  growth  by  field 
is  depicted  in  Figure  3.10. 


The  figures  sho\;  a  dampening  out  in  the  number  of  journal:;  in  the 
U.   S..     This  npi^car.':   to  he  c  :o  to  both  a  similar  phenomenon  occurring  in  the 
number  uf  scientists  and  engineers  and  also  to  thct  fact   t]»at  more  articles 
are  beln^  published  pel  journnl.     To   isolate  thcs-   factors,  we  feel  it  is 
best   to  T,sc  the  nu:::ber  of  article'^  published  as  our  pri'i.iry  s  t;:  t  i  ^.  L  I  eal  indi- 
cator of  scientific  aiul   technirnl  journal  com.auni  r.- l  Lon .     Article  raMicr  than 
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rir.inc  .3.10     t!UMi;i:R  01'  u.  s.  sj'vT  scioi  ' i'i.Y  ."KiV M,:;  i;^  FiKf.o  or  sciKKCir: 

1960-rj.',0 


Phys  ical  Sciences 


150- 
100- 
50- 


I  1  (  'TTTTT-i-r-rTTT-nT-r/ 
1960      65       70       75  80 


90 
70- 
50- 
30- 

10" 


jVIa  Ihei:-;.'  Lie:-; 


I  I  i  rrrn-rrTrrrn  -rr  n 
1960      65       70      75  SO 


90- 


70- 


Cornputor  Sciciiccr 
Engin  ecring 


nrrn  i-|  i  v\—i  n  \  '  i  i  i  n 
1960      65      70       75  SO 
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Tabic  3.]  2      NUMIU'JK  OF  J01JR:;ALS  ,  JOURNAL  ARTICLES,  ANO  ARTl  ^i.K S  PER 

JOURMAL.,   liY  VIVJA)  OF  SCIKI.CE:  1960-1980 


 19.^0^ 

...  ~J1±^^ 

 V}C2_ 

1-^- 

1965 

1966 

1967 

196- 

1970 

1971 

?h/slcAl  Scij:ncts 
Jourr.j  l» 
Ardclefl 

Arclclt!*/Jcira*^I 

ft3 
%996 
H7 

70 

10,500 
150 

73 

10,950 
150 

75 

ll.:39 
153 

77 

11.533 
155 

80 

12.698 
159 

83 

13.649 
164 

89 

14,872 
167 

9b 

15,981 
163 

i08 
16.397 
152 

116 
17.: 35 
149 

122 
18.673 
li3 

121 
19.463 
161 

MAChecuClcs 
Journals 
Articles 

Arciclca / Jou raa I 

32 
7.920 
60 

33 
2,046 
62 

34 
2,129 
63 

35 
2,257 
64 

36 
2,519 

/O 

33 
2,853 
75 

3,16" 
62 

40 
3,484 
87 

42 
3.744 
89 

43 
3.935 
93 

44 
4.155 
94 

45 
4.244 
94 

46 
4,205 
91 

Cocnpucer  Sciences  & 
Eaglr.ccring 

Journals 

Articles 

Articles/ Jour OA I 

15 
450 
30 

16 
512 

32 

16 

539 
34 

17 
621 
3^ 

18 
718 
40 

18 
760 
42 

76c 
40 

20 

792 
40 

21 

<351 
40 

22 
9".3 
s2 

22 
1,016 

22 
1,091 
50 

23 

.■..io> 

48 

CnvirorunenCAl 
Sciences 

Jcurnnis 

Articles 

Artie  les/Journ<-l 

31 
961 
31 

32 
1,02<* 
32 

33 
1,093 
J3 

34 
1,177 
35 

35 
1.416 
40 

36 
1,775 
49 

37 
2.456 
66 

39 

?„421 
cS 

40 
4.155 

104 

41 
A.3-.0 
106 

42 
4.052 
96 

42 
3.781 
90 

43 
3,5-54 
33 

Eaginecrlng 
Journ&Is 
Articles 

Ar  t  Ic  le  $  /  Jo'j  rn3 1 

250 
14,500 
58 

250 
15, ceo 

60 

251 
15,393 

61 

251 
15.904 
63 

251 
17,011 
6S 

2jO 
18,163 
73 

250 
19,154 
77 

251 
19.910 
79 

249 
20.  342 
82 

243 
33 

234 
20.350 
37 

227 
21,260 
94 

227 
21,761 
96 

Life  Sciences 
Journals 
Articles 

Ar  clcles/Jourr.al 

577 
65,774 

IT.i 

536 
6  7,160 
115 

5S0 
66.531 
115 

53  7 
65,719 
112 

592 
U,5c7 
109 

599 
60.730 
111 

606 
69.1'0 
114 

617 
69,393 
112 

627 
63.353 
110 

-73?. 

69.:C3 
110 

634 
71.502 
113 

636 
74.014 
116 

639 
72,866 
114 

Psychology 
Journals 
Articles 

Artlcles/Journj I 

47 
3,102 

66 

51 
3,366 
66 

55 
3,647 
66 

5a 

3,758 
65 

62 
3.277 
62 

66 
4.077 
62 

69 
4,254 
62 

73 
4,354 
60 

78 
4,431 
57 

32 
4.623 
56 

36 
4.341 
56 

90 
4.894 
54 

93 
4,976 

54 

Social  Sciences 
Journnis 
Arclcl«»s 

Articles/ Journal 

498 
14, 137 

23 

514 
14,740 
29 

519 

14 .64^ 
23 

533 
15,532 
29 

546 

15. ;oi 

29 

560 
14,655 
26 

573 
13,326 
24 

592 
14.544 
25 

613 
16.057 
26 

627 
16.559 
26 

638 
16.212 
25 

649 
15.726 
24 

657 
15,337 
23 

Other  Sciences 
Journn !> 
Arclcl*'* 

Artlclci/Jcurncil 

46 
3.036 

66 

46 

3,036 
66 

46 
3,r22 
C6 

47 
2.99D 

47 
3,134 
67 

43 
3.1'^'i 
66 

43 
3,538 

74 

49 
3.946 

30 

49 
4,444 
91 

49 
4.933 
101 

49 
5.395 

110 

49 
5,755 
U7 

49 
6.033 
124 

TOTAL  All  Sciences 
Journal  3 
AcclcUs 

Ar i iclcs/Joucna 1 

1,492 
105,932 
71 

1.520 
107,920 

n 

1.553 
IC  •  .350 
71 

1.591 
111,561 
70 

1,6:3 

1.66  7 
120,451 
72 

1,702 
126,3^7 
74 

1,752 

131,703 

1,797 
135.596 
75 

1.323 
137.545 
75 

1.337 

140.593 
76 

1.356 
1^5.458 
78 

1,887 
1h7,:S2 
78 

(Continued) 
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'iiblG  3.12  (cor.t.)    NU:iBER  C?  JOURKALS,  JOUPuNAL  ARTICLES,  AND  ARTICLES  PER 

JOURKAL,  SY  FIELD  OF  SCIENCE:  ] 960-1930 


i9n    19M    vm    m    m    \m    m  \m 


Pltyfllcnl  SdiMicc.i 
.loiirnnlfi  | 


Arilrln/JcMirnnl  , 

H.lthi'n.il  In 
Ji>iHn;i|!j 

M  Mclc'i/.iiMKn.'il 

L*t>?i;Miirr  [^clrncLVf  & 
pi''' ^nri'rln); 

A^Mrlc/Journnl 
Fiivl  ri)n.ii:i>'..Tl  I 
Jtmrnilfi 
.*f : 

Allh  !rl 

Ad  l/Icj/juiiiniil 

A'  t  l.  l("i/>iitnitl 

riivrliiilo];y 
J'Mirv.Tl'j 
Article 
Arttclon/Jorrnnl 

S<irl/il  Si' ! nice  1 

Ar:I<:1fi 

A  cMc  )',•:; /j(Mirnnl 

.Iniirti.ihi 
Arrlcl'-rt 

;>'ikli"i/.loiirn/il  , 


i9,/»0J 
15/ 


A,  10/ 


^3 


/6 


6/0 
23 


SO 
129 


HVi'M  All  I^clcnces 

1,919 

Artie  1m 

150.311 

Aftlrk'i/JourMl 

1 

m       U3       no       lU  152  157 

18,f;35    2{),3l!0    21,000    21, /-'.O    22.yjO    2),0"^0  2j,(no 
Vj\       15)       15/       no       if.O       163  105 


03 


1 1? 


5f) 


51  51 


51 


52        53  « 


^i,l/.3     3,751     3,m     3,539     3,5/2     3,5116  3,6)0 


75  09 


:/i        2(1        ?0  27 


69 


I'll 


68  67 


21)  20 


1  ,075     l,J29     1,15?     1,176     1,197     1,220  1,2« 

«        h]        fih  ^3 


■'.5        /t7        /J  /-O        /i9  50 

3,270     /|,35l     /.Jill)     i,9i7     5,20^     5,/.?6  5,6?6 


?]        <i7  U)2 


2:' 5  2/:i 


in  113 


721 


2?,^M'    2J,(V-'.    21,n;(»    2/i,'.:''  77,'.:i*l 

iDo     ioi     ]()/     111     li^     119  m 


f*oi      r,r/,      f,;,',  m 

73,?/./    75,]fifl    76,7'in    77,19r»    njA  '/9J?f' 


iKi  ir; 


ii:  \n 


99        105        10/        nil        m        117  121 
5,5V.     5,;;i     5,05'.     5,')i3     6,151     6.2(13  6,'i'.3 
5'.        %  'A 


55 


52  5! 


5  J 


679       70:!       709  ?:u       751  7^5 

15,821    16,101    16,0:1    \yy^    i6^n<^    16,l9l  16,450 
23        23        ?3        21        22        21  21 


50        51        51  51 
6,6'=.9     6,bjG     7.1/8     7,509     7»a25     8,162  8,^iO/ 
133      111       lOl       .150        11       160  lu6 


1,905     ?,0n     2,011     2,0U     2,07^1  2,110 
150,572  155,V.5  15a,flf.3  101, ;95  105,312  168,130  I72,10fl 
77        78        79        79        00        PO  81 
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15 
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22 
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10 
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TMX:   Jntirnil  Tcflckhp,  Survey,  liukcc  Fuch  Inc.,  Center  k-  QunncKfitlvc  Scki»c«rt. 


journ.'jl  product  Ion  v.'oulcl  secMn  lo  ])C  rio:.|    closcvTy  l  liii'Ofl  to  Iho  muul-cr  of 
ijcionl  )     ?;  .'iiul  <.'nj; i  in 'c r  :i ,   and  onr  ,i,)p ro-ir h  It. is  f.li':  add  i  t  i  on:)  I   .id Vc;n l.:.[;e  of 
remain  [    '  valid  undof  such   I  nnova  t.  i  cmis  in  [)nhl.i  sli  I  r.v;  ms  r;r[  jara  Leti  anrl  t..  ^  jpLi.o 
j  oui*na  ]  s  . 

V.i    have  obsc7-v(K]  ihul  tlto  Ci.aiinalod  avora-o  nnndjcr  of  a  clcs 
published  annually  in  scliolarly    iournals  lia^-;   i.ncf(-ased  r^omowlnt  over  Vhe 
period   Lroni  l[)C-)0  lo  197A.     Tlic^  avoraj.e  niiii'iKT  of  arijclo.^  per  journ::l  in  1902 
v;as  71;   this  nun.bcr  increa.scd  Lo  77  in  197A,  wiiicli  rcjproc^cnLr;  an  increase  of 
eighL  pereenl.     Tiiusi-   Micrcases  ai-e  prc)bably  due  to  an  attfirpl:  on  die  part  of 
journals  and  pubH:5her!i;         reduce  puljlisliin^  cost.s.     In  tlie  Indiana  Univerr.iLy 
study,    this  approae^^  to  reduciTiC  costs  war-j  given  by  publisliers  as  one  of 
several  approa  lies  en. ployed  by  re  f^cononiLze. 


Son-j    .dditional   evidence  o th  ■.  p/   v-tli  of  number  of  articles  per 
journal  raii  b..  fo^nd  in  the  l  i tcrr- rc .     The  'nA^  study  of  1970  (59),  based 
on  a  saruplc.  of  f  i'"ty  journals,   vcpc^i.ied  a  raed.' an  gro\;lii  rate  of  about  seven 
percent  a  yo-jr  ov      about  a  i.cn  year  pc:.iod,  a"  "liougli  x.u'de  varia tioi'^.s  from 
V  'nal  Co   iriurnaJ  v.       observe/.'     '"\'o\^  /:ero  ^rov/th  to  about  ]4  percent  grov;th) . 
In  197A  Narin  aad  Carpentc  :   (78j         sented  dai  a  ou  the  growtli  rate,   in  number 
of  art   :les  publlsbed,   for  a  sauK^I,.^.  of  A92  Inr^?.^^  o    heavi'ly  cited  journals  In 
s  eve  I ;    la  ]or  s  c  i  en  i"  i,  f  i  c  d  i  s  c  ^  p  1  j  r  e  s  .     The  s  e  o  a  t  a  i :  i  ci :     t  ^ '  -■   .'.r  o  v'C  b     i  n  numb  e  r 
of  ar'  iclc^s  published,   of  33.  ^»  percent  in  .-^  .seven  yea'-  r^-'od  for  tlie  physics 
and  geo]  bysirs    .(n.rna.is   and    i     "te  of       ovv'li  in  tb.e  sa-'u"  pe"..  iod  of  3l  [  j-cent 
r  the  chem1si;:  v  aud  ^letnlJrr/y  jou]~nai.s.     This  rep r -^s*  .'. ts  ai':  r.vcrage  annual 
growtli  rate  of  b.  t\;L «  .i  A.fj  and  m.2  ^^^eicen.    for  tliese  r;rcups  ov.  journals.  T]>.e 
NarMi  and  (;a)-penLer  .lata  do  net   li  iicaL.-  critfnued  [;ro^;t]i  in  all.  f\^..t..-^  dL!rir..> 
tlie  period  studic'd       In       r;iue^  r\\       aid  thcp.a  1 1  cs  .    for  example,  the 

number  of  p:pers  :  .:bJi.shed   in>^-   "isoJ  nu  t.-)  I'Vl  \        declined   in  1^'7>?.  Articles 
writt'.^M  by  U.    S.   :.r:rhors,   in    .11   r)e*d>-.  eov.  )\;d,   de^liived  J     tite  perLtxi  19''1  - 
1972.     AUhony,     ..iin:ua.'    a]v:'T'r  it  i  n       c     mis  ].::id  are  bouiu]   to  occur,    in.  liie 
lone;  riui  a  re^^^ulai    i;rc>'./Lh   's  lilicly  I')  i  •■  observed  ii'  any  s:M,;p]e  of  jou!*nals 
in  an  V   f  i  o  1  d  -  ' sc  i  enr  ^ • . 
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ba^H♦d  .^jp       :;.'ium'1''  <>r  i  cdI  !  f  i  c  j     :  ,   ?•    "d.       <i  j^-^  p.  i-cijiil:  inci'cnse 

':    a  cli-M'ade  in   tlie  niir/ot  c  of  art.Irl...-:    ,..!    '  iA\Ci^  jcMMal^  an  averaj',c  atinua] 

'  •  .M^/Oif?-  /j .  3  p^'rccnL*  ovfr  !h"       .  iou.     0;ir  osl.  ir::;       For  ihc-  ro]lowIn|^, 

Leu  >\'a7:  pL-riod   H 'V^A      197A)   j\s  30.''^.      '"curit   ji  ';:rcnyo  (^r  :]hou[   2.7  porcc?nL 
per  year.     ^.,^111,    in  LIh'.  NSF  Liluily,   Li^'       Ir;  vicr^  vn  r:  i  a  t  i.on  i'rom  Cield  Lu 
fici'J.     Thu  s.!i'iM.c  of   r:i\'r*  (.;n:  J       r  i  • :  \    '   xin.'tlr:,   fov  f" ,   [;tcv:  15A  peicciU 

in  the  p<*r:tO(.l. 

The  esUimaled  loLal.  inii.iior  o""  .-'iliol I'ly  scientific  and  tocliuical 
articU^s  pu])Mshed  in  the  United  SL./ll--  f ro;r.  19C0  Uo  1.^30  is  repeated  in 
Tabl"  3.13.     Also  given  in  this   t.tblc  a^'c  the  neri])cr  uf  scientists  and  engi- 
neers,  their  average  constant  dollar         ■rLcs  «rad  tlie  research  and  development 
constanf   dollar  fundir^g  levels.     It   is  'v.'iM.uhef.i r^.ed  that  these  are  related  to 
the  number  of  articles  published. 


An  averaj^e  nur.    t  of  art.ir;^.:;  written  per  scfuntist  or  engineer  is 
found  ■      dividinc;  tlie  nurljer  o:'  articKs  v^ritten  by  the  nui:;ber  of  scientists 
and  er./        'rs  for  the  i:'rcvious  year.     This  vas  cone  since  laosL  of  the  articles 
were  a<      .:lly  v;ritl.-n  nbont  one  year  nrlM-r  to  tb.eir  bein.g  published.  Thus, 
the  average  actuilly  refl.' the  prev'-r:  year's  productivity  in  terms  of 
scholarly  inanuscripts  be'n;;  wrj:.t»Mi  !;y  individual  scientists  and  engi '.'^--ers . 

The  aver"y,e  nnr:ber  of  scIu-O/  r^y  u'ticlcs  v;ritten  per  scientist  or 
engiir  -r  shows  a  fairly  steady  decline  !"ro:a  i960  (1^.0964)  to  197A  (0.0783). 
Anothe?-  way  to  lool:  .U.  Ihis  declis^  In  p  roclnc  t  iv iy  is  that  o  -re  ^;ere  on  tlie 
avrr.iy-s  10.9  scf  M(j:-as  or  enyiiior,::  p-r  sciiolai'ly  article  written  in  1960 
comp-::-.  witli  1?.8  sri-nLists  or  rir.ise.rs  per  scliolaily  article  written  in 
197A.  The  prodnctivi  l;y  o scientist-:  -r.:  eng:n^.:7's  varies  subst/nitially  ])y 
field   ;;s  will   ])e  h   lit  Lie   later         this  s^Jtio.i. 

FolUn/iu-   liil:-   ;vwilysis,   '-'u   d-  L--' ;  ^i^-'C   if   ihc.  decline    :n  i^eductivity 
ct.uid  br<  related   '      K.Sh  :uu'Mvr^^.     I'l^-   (es-l.rnt  dollar   fending  levels  ai  e  given 
in  Table  3.n.     These   1-vels  r  i     -         :i  .  c-;b  in   I'^nR  and   then  s,:>rndically  de- 
clin.    :;;i<;!:My  .;Ver'   t  i;e  i      --'ei-s.      Th'-^re  --i-   1  i  1 1  n.    cor  red    t  i    i .  betw-.en 


13"^ 


ERiC  io2 


Tabio  3.1.3     i-S7T>:ati:i)  Mi':if;j:u  oi-  AirncLi-s  ruiM/i sm:!),  ^:i;Mn^:li  oi' 
scii';viT]STS/i:[\\;j::i:!:!:s,  AVLKAr;i:  oi-  AKTicf.F.o 

PUHLISMLJ),  AN'!)  KKSIIAIKJI  A:::J  IjLV  I J )I'MI:NT 


Tot.li  r.'-i-'iT 

of  ?c  :pnM<'  ■.  / 

tog-? 

i?io 
i:u 

1 3/.  6 
1396 

i!>78 
1^ 


1371 
19 -"3 
1973 


Total  r.j.^^or 
ol  5choi.it  ly 

(GCO) 


105.9 
10/. -J 
109.9 
111.9 
115.  3 
120.5 
126.3 
131.  7 
135.6 
137.7 
U0.6 
142.  7 
K.7.  2 
150.0 
150.6 

3 

IS.*^. 
161.," 
I6j.  ) 
168.8 
1:2.  i 


^Cl<-   I  l^t  ."F.ru;. 

.096'* 
.0931 

.  '  08 
.0330 

.0857 
.0H63 
.08/6 
.08  7,' 
.C839 
.  OH  3  S 
.0815 
.0:7* 
.Ct!}3 

.0  78'. 
.  0  "  ■  ■ ' 
,0773 
.0764 

.  n:t',.. 


?yj  iu;..!ir. 
"  i  1  h  f  1  ; ) 


15.^27 
..125 
17,1<'.3 
13.755 
20.i.il 
21,310 
2:.59<. 
23.  205 
23. 71?^ 
23. 561 

::,6;6 

22,2^9 
22.857 


Sclrnti  •it/ 


38.0 
37.4 

:".o 
i;.6 


^0.6 
39.2 
37.: 


37.6 


3i.5 

3  3/ 
]J.5 
13.2 
33.  J 
33.^ 


(Crnsnat  5)^ 


10,7 
10.9 
U.i 
11. J 
11,5 
12.1 
12.5 
12.8 
V2.>; 
•  3.1 
IJ.l 
:  J.2 

13.6 
13.3 


13. i 
13.3 
13.3 
13. 3 
13,2 
13.1 


Fiintt  Irm/ 
S.il.»r7 


3.55 
3.43 
3.32 
3.33 
3.39 
).26 
3.^5 
3.06 
3.08 
2.98 
2.66 
2.7a 
2.flO 
2.76 

2.61 

:.  50 
2.^0 
2.5Z 
2.Sf, 


1^*  :  •  • 
1975-30 


-3 

-  3 


-5 
-3 


-12 
-9 
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the  f()t';il   ronslKil    dollar   [xiwulw/,  !   /itu!  .ifM.irtc  iu'm^IimM  i  v  i  I  y .      It  v.'.i.s 

LluHi^/'jt  ,  pi'ylMi»N>  Mivfl  .'Mtit'f^  KMMi  I  '  • !  f  \'  .'oiMci  \ir  rrl.'itc'l  Icffcr  to  ri.iiid.in^; 
pv.v  ]vM)  .•;<'{ciilir:l   ur  ('n;;[iu'(:r  .uk'  f!:'..'.'    1:'.  .iIsm  ['j'vu  Jn  T.L^'  '^j  .  .1  .1 . 

The*  fiijulin,'.  per  sciriUist.  or  ri;;'iTH^».-   !  I  iu:I  c;  (  o  ;  .il'onl    J'^/'.O.T)   triKuisaiul  In 

I96r»   to  ah. Hit  ,  S  L  Ik.m.^.tikI   in  I/.'/"*',   .'i.t.!    i,  '  ;  i      ly  f"r.  i  ).  -  ■  i -a^'d  w  >  I  h 

avcrar;c  jicliol  n  r1  y  ai  l  j  cl  c:  produr  L  i  v  i  :  y  , 

Anorlier    i  :porl:npL   con.':  i  d- ■  i  .  .lew    ' 'J^;:':   t  lu'?  /u'efcir^o  jjaTavy  p^-r 
sci.C'iiL  Lst /en;-'.!  ;)»>or   incrt.'asod  .iL   n  ;  p   tKiii  foe  Gror-r;  NaLioii.l  l^roduct: 

Wr  felt   tli.a:   Uii?.   factor  accouii'S   fo'-        c  o     Ll>c   in':roar>e  in  fundin^^,  levels 
and  should  he  |:v.:ludo,d  in  our  ca  icuJ !  i  c  nr. .     TlKT^^roi    >   as  a]\    index,  avcracc^ 
funding  Irvc'.l  war.  divided  by  avcra^/.:  ;nl.:ry.     The.  rcl . ;  I  i.v  • ,  ;hi  p  of   ihc  nverage 
scholarly  arcicle  j^i  oduc  Llvi  Ly  and        •  fundl;:::;/salaTy  Ind'^x  is  sho'.ai  in 
FIfM..'.'  3.11.     This  rclaLioHohip  .^ug^esLs  LhaL  greaLcr  fundiu^^  ])ar  scientist 
docs,   imk^cd,   ha.v'c:  a  sligliLly  favorable  of  feet  on  scioncific  productivity  as 
measurod  hv  numb  or  of  scliolarlv  articles  v;riL(on. 


Ficnro  3.31     u.  s.  S6/r  sciiObARLY  Jo;  ,:::.\L  A::ricLi:s        sciHrrriST  A':n  K:::-;l^;I•:I: 

s  A  n;r:cTiON  of  }v:::)v:        ary  t::i:La  (l \c;nKD  t^:o  yi  •  s) 


,93 


07  0 


(; 


I  I 


f 


:Oi/RCi*::     :.'ar!M  I  l^Lt.ls,  ,  ,    CA  -'^  r  r.'i"  C^laa:l^:     /o  Scica. 


Hvon   th-nrh   D'.c  au!M!)or  of*   -uA'^lavl;.   arlA-;^   ■  >-;rii;»;n   is  a  runc;ion 
of  hot'!   vhr   nii::i;-er  of   s  r  i  ,  n    i  ■ ' :  '"^  a-d   ^-Jnr^rs  and  RM)  fundin-   Ic.vl-.  vo 
i)r-  i  .'^  t.h-    'A)t;-'.-  a.  a  ha:-'i;    :'-r   f  ^-.r^-.T  " '  ii^   (Ik-  nn,;:r>-f      ^  scholarly 
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arff  c'l  *''J'.   l«>  he  piil)l  I  r  lu'il    hi   l  In-   ^iitni'.s   siiict/  Mwh:  cov.'i  r  i  >'i  I     prr»viMf  ;  ]>)'C'- 
cis(^  f-.l  lf,i<i(  c.     Til.'   fiiiKlin-,   Ir-.'l    c^v.mI     0   if;,    Jt;*-;r'lf",  (liffir.ull  \o  fcMTcMsi. 
.so  Llir.l    il  ,1  :/,(n)(l  va>-:.-<Mi-   tc  M-.r  for  r(n-cfn:a- J  nj; .     On   llir  otlun"  ii/nul , 

Th,.  vl.-u  i»  h. MM   t<);  il   arli.-'U',  ;>iih  !  "i  rlivJ  .umI   I  Ik-  i]ui,.l)('r  of  sc  i  cn  C  :  s  tr 

aiul  on;' ini.r-r^.   \'\  s!:i>vji  in  Fi^-uiL;  3 .  J  !! .     This  cnu  liO  cxprcsr.cd  as: 

■    Y  -  39.8  So'.r,>: 

Y      is  tho  csLi  wittj  itiiiiibcT  of  sCiCMKifc  ^i\)'S  Lor  liiv.i  on  L 
scliolarl  y  art  Lcl  c  s   (in  thousnnrls) 

X      is  Lhe  nuin])or  of  scionrisiLs  nnd  crjinacrs  1  >^?3gGd  one 
year  (In  m LI 1 i ons) . 

it;    is  i.oud  lli.'ir.  this  rcl.n  t  i  on.ohip   i:'  souicx-Auil  r,;^;  i *  nus   in   the  sense  tbnt  it 
jinplics  t'>rl   if  LlicrL-  wc7-.'  no  srienLisLs  or  onginecrs  there  would  be  39,8^0 
artirles  writlcn.     DoF^pltc  this  doricioiK^y  of  the  :;iodcl,  v/e   fe  1    th^it  the 
relationship  from  19r)0  to  ""^"A  is        v;ell  defined  by  rhc  ^^v-  -cl  tliat  it  serves 
as  an  excellent  nic^.ns  to  forecast  over  a  sb.^i't  range  of  tune  to  1980. 


Projections  of  articles  in  individual  fields  ve  re  in  -ener.l  made 
in  -he  sarar  r.anaer  as  those  for  tot.1  articles  using  the  nunbcr  of  scientists 
,u-  en,;ineers   mi  -ho  -p..'e'^MC  field.     ^or  Ce:::Puter  Sciences  and  Other  Sciences, 
u-aihers  of  sci.  ntists  weio  not  av^ailable  so  projections  were  based  solely  on 
tini        For  Mathoniatics,   it  was  fnnnd  that  the  nn-h- r  of  Pb.l/s.  vas  a  better 
pr.-dir  tor  of  art  icles.     R.Sulis  obtnin        'ere  qu  'o  good  for  all  fields,  with 
tnr  correlation  coefficients  ranging  .89  for  the  Env     onnental  Sciences 

t^'  0.99  f-r  tlie  rhy^::.;il   Scionre:-^-     T'  .ser  of  articles  in  sacli  field, 

pro  jc. 'Led   lu   l^.^^s    is  tvictnred   in   bi^"'  ]A3. 

Del:iv    in  anv  pei:]i.5dung  .q..  i  .^ies   is  norrMl-     Revisions,  tvsescttin. 

r         i,.->rM  1  1    ,-ori  tribute  to  s  de  b  .  be- 


r,r/r  :  i  p  n's/t  r.  it  ;  on  ,  and  pu!) 
tveen   [  be   !  ii-^-   ..n   arM  (  ]  o    :  s 


[ 


ti        :  !    a;q>^   ]-s    in  -trint .  This 
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3J2    Wm  OF  II.  S.  Sr.!;OLARLY  SCIE^;TIFIC  A);D  TiXliN'ICAl  ,li^';-A.'.i 
A'^TICLES  AS  A  FUNCTION'  OF  SCIENTISTS  AND  BCl^lZS 


Fic.m-f  3,1')     Nii'tiiiiK  01'  u.  s.  s.'.Y  f-u'iit )i,A!:i ,Y  j()iii:.:.M.  m;tk;i.!';;.  i;y  i-jm.i)  or 


Is  a  special  concern  In  ejcieutlflc  and  tochnlcal  publishlnp^  duo  to  the  rapid 
obsolcju'cnci*  of       format  Ion. 

Data  were  collected   in  the  Jonrn il  Tracking  Survey  Lo  measure  trends 
in  publfr.hinr.  '^^^"^^  tl'J^^-       samplec]     rt'cle  was  first  received  Dy  the 

journal  was  recorded  whenever  this  date  \.\\^  ^-Lvcn  by  the  jo  rnal.     The  difference 
between  date  of  receipt  and  date  of  pul  ..ication  was  converted  into  months,  and 
an  average  publishing  lag  was  calculated   for  each  field  of  science  and  each 
year  of  publication.     It  is  reci^gnized  that   thi       publishing  lags  do  not  giv 
any  iudlcation  of  time  consumed  by  rejection  and  resubndss ion  of  articles;  h^:- 
cause  of  this,    they  shOuld  be  treated  only  a?;  lower  bounds  for  estimating  actual 
publi  sh  i  ng  lags . 

The  average  publishing  lag,  when  all  years  and  fields  of  science  are 
consider^^i,   ir>  ^.3  months.     When  an  average  lag  for  each  year  is  calculated, 
coniblnir.^  all    fields,   little  change  over  lime   is  observed   (see  bottom  row  of 
Table  3.1A).     V/hon  individual  fiolds  are  examined  for  trends,  however,   dii  '-r- 
ences  among  fields  appear.     Generallv,  Pliysical  Sciences  journals  have  llie  shortest 
reported  publi  shiiig  lag  while  Mathematics  and  S-^atistics  journals  have  the  longest. 

Publishing  lags  for  in     vidual  fields  are  displayed  in  Figure  3,14, 
with  an  av.  publisliing  lag  all  fields  shoum  for  comparison,     It  i.^ 

apparent  that  there  was  no  s'.;:n  ficant  decrease  overall  in  publishing  lags  between 
1962  and   197A,   althong:-;  Engineering,  Pf^ycbology  and  Li"e  Sciences  simw  a  slight 
decrease   to  1970  and   ?'    :i  a  '  'veiling  rff  o^-  increr-e.     The  fields  with  tlie  most 
consh;t.'nt   increases   in  publ-'    .:ng  lags  are  '^hysieal  Sciences,   Environnu  :i  tal 
Sciences,   Coi:.[)u'        ■^<m*  ^  mcos  ,   and  Other  Scier.crs.     The  fields  experienced  li<e 
greatest   j-ercen  t  . . in-T'      -'s  in  number  of  arcirler*  published  ]    i.wcen  1962  and  i9/-t 
(sv=-  Tai-U:   3,]:^).      rhis  r.uggests   that  arLicJe   i  ecr- -.ir.i  ,^  may  have  been  ou  ts  t  r  ippi  iig 
j  o u  r  na  1    c  a p ac  L  t  y   i n   t  ho r> c   f  i  e  1  c! , 

3. 2, A  Di      r  ri)nj  ion_  .-1:^1  Price  of  '  ; '  -  ^       y  on  r-vij__  Mjr  e  r;^^ 

Dir-tribution  oj    journa]:;    ■  ;^        .    :!*    .   by  both   tiie  numbed-  of  suliNcrip- 
tions   to   Lh^    journ;i]s  and  by  t:]]^■  number  of   reprints  sc.^t  o\.\t  by  various  means. 
This  section  disei-;st";  ^-.^urall  •  ]  i  s  L  r  i     i :.  i       of  srlio"!  .irl  y  ^':ionl\nc  and  tec!;nical 
journal',    in  the  I'luiud  Sl'iU^s,   wb  i  h     ^ii^-- v-uont   ^^..t  t  i -^^uS  -:-a^   vitb  distribution 
of  ^^cbolarly  jo.jrnals         foreigi,    ;i;bs  •  r  :      r    ,    ' 'ist  i  tutinnn  ■    snbsc- r  }  iv  rs  and 
/ichi.':!    subsc  r  i  hrr  ; ,    in.d  di^tr    nit'        of   re|'.  r  '  [it>;  . 
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Table    K  1 

AC  ,  BY 

(TK 

.V 

YKAK  APTICI  I     I'UUMSn;  ') 

 — 



FlcKI  of 

1962 

196  3        1'.^  (')<'♦ 

— 

196 

 .- 

J  1966 

]«67  lOi.3 

1969 



1970 

1971        1972  197J 

oCl-''  »  

6.2 

.  2) 

4.3  2 

(3 

.5 

.9) 

4.9 

7,3 
(6.1) 

6.1  4.9 
(6.0) 

7.0 

9.2 
(8.?) 

.  3          7  .  i  K 
(7.8) 

7 

6  Sttti  l.a  It  K  

(13.9) 

13. S  13 
(13 

.  7 
.8) 

13.9 

1  ,  2 

14.4  14.7 
(14.3) 

13.  7 

12.  7 
(13.5) 

14.1        15.6  15.2 
(14.9) 

*  ^ 

(>t?[mror 

6.S 

(6.8) 

6.9  7 
(7 

.  1 
.1) 

7.'. 

7.8 
(7.0) 

8.6  9.5 
(9.9) 

u :  7 

1  i.9 
(11.1) 

13.7        13.6  I"-.. 
(14.3) 

1  .  0 

16.7) 

4 .   Knv  t  roi  ■(•  ?  .i  1 

6.9 

6.8  6 

(0 

7 

9) 

7.3 

9.0 
(7.9) 

8.4  R.8 
(3.6) 

fl.  7 

8.6 
(8.8) 

9.0         9.4          •  -J 
(9.1) 

8.4 
(«.{>) 

5.    Knp.luoi  t  J  iij^  

8.1 
(8.1) 

8. 2  8 
(H 

4) 

8.6 

8.B 
(8.C) 

a. 5  ti.3 
(8.3) 

8.0 

7.7 
(8.0) 

R.4          9.2  8.9 
(6.8) 

8.6 
.  (8.7) 

6.  Mfo 

ScU-ur.  

11.8 
(H.A) 

11.0  10 

(JO 

3 

H) 

J  1.  1 

12.0 
(11. 0 

11.0  10.1 

(K'.n 

9.1 

H,  2 
(H.6) 

H . 6         9.0  9.7 
(9.1) 

10.5 
(10.3) 

7.  Payclutlni^y  

in./* 

(9.f.> 

8.9  7 

(8 

!> 

2) 

H. 

8.  y 
(B.5) 

a .  s 

(7,9) 

6.9 

5.7 

(6.4) 

6.5         7,3         V .  6 
(7.1) 

7.9 
(7.7) 

8.  Soclnl 

•  ') 
(6.7, 

7.9 

tl) 

6.  1 

5.9 

6.0  L.2 
(6.6) 

7.6 

9.  : 

(8.7) 

9.4         9.  7  8.3 
(9.1) 

7.0 
(7.6) 

9,  Other 

Sclrnrf.   

6. 
(7.J) 

8.0  9 
(8 

^) 

9.? 

9.  1 
(9.4) 

10.0  10.9 
(10.^) 

10.6 

]  0 . 

(V  . ;) 

11.2        1?.0  13.1 
(12.1) 

14.2 

10.3 
(9.-0 

9.6          8 . 

(0. 

9 

9.6 

10.3 
(9.8) 

9.6  9.0 

8.C 

8.  3 
(8.5) 

b.7         9.3  9.2 
(9.U) 

(  -  J) 

* 

0<M  -  nniAl.i  r  i-.I   y>-i--.  at         .  r  i- 

of    ..^          ■  r 

]  V] 

o 
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20 


c 
o 


10 


20 


1  5 


10 


?.o 


-3  15 


10 


196':. 


20 


2  ^5 
o 

.5 


20  ^ 


15 


10  . 


Engines  I'in^^ 


15 


10  - 


Life  Sciencos 


1 96?- '     '  '  bb  '   '  70 


5  - 


r. 


20 


15 


10 


Psych.::  :r>;;'/ 


'74^     1  9  b  Z 
?0 


15 


10 


7  -1  .    1  ;  6  2  6  c 

20 


70     '  74 


)OCi'.l  Scier;  '  e 


15 


1  n 


Cchc  r  Sc  icnc OS 


i9oz        -0        70        74  K-^.:: 


70 


1 


^ — ''^  All  ri..;4s 

 o  .  Si-tu:iric  F  i  ■■' 4 
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Our  HiiLscrlpt  ion  iUar.  arc-  hnscd  on  n  i,oti-r,-u.unin  r.amplo  of  joLirnalr. 
for  ^:Uich  VH>  could  nhi.r.In  soi-,.   i  nrl  i  r  •>  1  i  on  of  cv.im:..  U-n.'CCn  ^%2  and  197^;. 
Source;;  inc.]  ud^'d  Liic-  Jndi.mn  lli.ivcr.',  i  l  v  :-;(  udy   (/.P.)  .-.nd  pubU  rdic  d  report  s  by 
such  r.TOups  ,-is  l-.lic  Aracrican  Clirriical  SocJcfy.      Siijco  few  journals  could 
be  traced  over  tlie  cnLire  period  of  inLeresl:,  ouv  cal  r.ul  ationa  v.-orc  made 
indirectly.     We  firsL  Kolert.cd  1972  as  our  base  aad  est;abl  i.';bcd  an  averaae 
number  of  r.ubscr ip li ons  for  larf.e  and  snail  journals  in  tbat  year.  CrowLh 
rM:i.os  v;ere  tbcn  calculated  for  t  v.v,  vear  p(M-iods  us•il^^  all  availablci  daLa  and 
applied  to  tlio  1972  f  inures.     rscsulis  for  the  >r,l-.er. late  years  were  ob- 
tained by  linear  interpolation.     The  rates  of  cban-e  used  are  shown  in  Table 
3.15,   and  the  subscription  nur.ibers  calculated  in  Table  3.16. 


Table  3.15      OBSERVED  R.\TKS  OF  INCREASE  TN  ru:;rJ-,R  OF  SUBSCRIPTIOl^S 

FOR  LARGE  AND  S;-L\LL  JOURNALS:  1961-1974 


(Percent  Change) 


Years 

of  Change 

Large 
Journals 

Small 
Journals 

All 
Journals 

1961/62 

-  19G3/64  .   .  . 

5.20 

10.68 

7.39 

1963/64 

-  1965/66  .    .  . 

7.79 

8.95 

8.21 

1965/66 

-  1967/68  .   .  . 

10.48 

8.99 

9.96 

1967/68 

-  1969/70  .    .  . 

6.71 

4.31 

5.98 

1969/70 

-  1971/72  .   .  . 

2.37 

1.51 

1.98 

1971/72 

-  1973/74  .   .  . 

1.52 

1.89 

1.66 

SOURCE : 

Market  Facts,  Inc. 

,  Center  for 

Qii,:ntitativo 

SciciiCcs . 

In  1972  the  average  nuTd)or  of  subscriptions  was  about  32,000  for 
largo  journals,  3,900  for  smll  journals  and  7,700  for  all  journals  combined, 
Applying  our  observed  rates  of  change  as  described  above  yielded  estimates 
of  5,591  sub.-:r  ;ptions  per  journal   in  and  7,S50  in  1974.     Tin's  repre- 

sents a  1962  t  -  ;-'74  increase  of  40  percent,  equivalent  to  an  average  annual 
increase  of  2.  -  ..-M-eent. 
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Tables  3.]6     i:sT]M'Mi:i)  AV}:i:/.r:i:  ok  si ;;fCRTi'Tio::f,  von 

LAU(;i:  a::d  smau.  joik:;als  and  total  suBscinrnoNS 

1960-1980 


^Jn♦.:>c^  cf  .v.:'- •  rr i 

1  Tocnl 

\  Subscriptions 

Year 

1  (000) 

1960  .   .  . 

21,686 

2,299 

4,75-3 

7,141 

1961  .   .  , 

21,750 

2,570 

5,152 

7,831 

1962  ,   .  , 

23,450 

2,772 

5,591 

8,683 

1963  .   .  . 

24,059 

2,920 

5,797 

9,223 

1964  .  .  . 

24,669 

3,06R 

6,004 

9,775 

1965  .  .  . 

25,630 

3,206 

6,251 

10,420 

1966  .  .  . 

26,591 

3,343 

6,497 

11.058 

1967  .  .  . 

27.985 

3,494 

6,821 

11,950 

1968  .  .  . 

29,373 

3,644 

7,145 

12,768 

r>69  .  .  . 

30,363 

3,722 

7,358 

13,414 

1970  .   .  . 

31,349 

3,801 

7,572 

13,910 

1971  ,  ,  , 

31,720 

3,829 

/  ,  D**  / 

1972  .  .  . 

32.092 

3.858 

7,722 

14,571 

1973  .  .  . 

32.336 

3,894 

7,786 

14,941 

1974  .  .  . 

32,580 

3,931 

7,850 

15,268 

?R0JEC7I0:i'S 

1976  .   .  . 

8,301 

16,710 

1977  .  .  . 

8,466 

17.280 

1978  .   .  . 

8,607 

17,850 

1979  .   .  . 

8,751 

18,450 

1980  .   .  . 

8,897 

19,040 

PERCE::?  CF,^SGE   

196CK65  .  . 

18 

39 

31 

46 

1965-70  .  . 

22 

19 

21 

33 

1970-75  .  . 

8 

16 

1975-SO  .  . 

9 

18 

S0URC2:    Mnrket  Tacts,  Inc,  Ccn'rer  r.:r  itatlvc  Silences. 
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MnlM  p]  y  inj;  t\\c\  c'  I:  I^rt  red  numlicr  i^f  suhscript  Ions  por  journal  by 
thf  iuii»'wt'r  of  journals   in  i-.uh  year  rcsultr>  In  Ofitijn.'Jten  of  Ihr  toLnl  number 
of  journ.-il  ^':ul)r;ci*jpL  iou.s.     ThojM-  figures  arc  also  slun/n  in  Tahln  3,16,  Projoc-- 
tJons  of  total  subr::*r:ipti()n.'';  w(?ro  basod  on  tlic  rclaf  Lonslrip  between  num]>er  of 
subscr  I  pi  .ions  and  nuiiibei  of  sciontirafi  and  engineeri:,  and  indJcoto  a  continued 
gi*o\M:1>  in  tiic  nnniljer  of  si'l.scrl.ption;;  to  a  1980  figure  of  abouJ   19,000,  Flo- 
jcclI.on5;  of  tl;e  avera^^e  numl)»!r  of  j-;ub??cript  Ions  per  journal  were  calculated 
froiii  our  proj  oc  t:i  ou;  of  to'.nl  subr'cr  i  ptions  and  nunber  of  journals. 

3,2,5  D^aji  tjr i  b u I  i nji d_  ?v  i. ce  t^o^  Forei^a  Subscribers 

We  had  only  18  observations  of  journals  in  wliich  foreign  subscribers 
were  indicated.     Thus,  we  chose  to  use  the  Indi ana  Un iversity  subscription 
data,  covering  l^i8  journals,  even  though  their  data  is  probably  biased  due  to 
a  low  response  rate  (12  percent).     The  proportion  of  foreign  subscriptions  to 
the  total   for  various  typos  of  publishers,  as  identified  by  the  Indiana  study, 
is  shov.Mi  in  Table  3,17,     The  weiglited  average  for  all  journals  ranges  from 
21,;  percent  foreign  subscribers  in  1969  to  23,0  percent  in  1973, 

From   our  limited  subscription  data  b/^^k  to  1962,  we  established  the 
proportion  of  foreign  su]:)scri bers  to  the  total  to  be  about  one-half  tliat  of 
the  Indiana  University  study  using  this  relationship,  v:e  estiirioled  the  pro- 
portions back  to  1960.     These  results,  along  with  the  actual  n'juiber  of  foreign 
subscribers  and  the  foreign  subscription  price,  are  shown  in  Table  3.18. 

Projections  of  the  number  of  foreign  subscribers  are  tlie  difference 
betvjecn  projections  made  of  all  subscribers  and  those  of  domestic  subscribers. 
The  rosvills  sliov;  a  slight  decrease  in  the  proportion  of  foreign  subscribers 
over  the  1975  -  1980  period,  and  a  levelling  off  of  the  actual  number  of  si 
scril>er^;.     Average  foreign  subscription  prices  have  increased  substantially  in 
current  dollar  terms  over  the  entire  period  of  interest,  and  this  trend  is 
projected  to  continue.     The  avorcige  price,  of  course,  reflects  a  wide  variety 
of  prices  for  ulfferent  jouriials  in  different  fields,  as  suggested  by  Table 
3. 19,   ''E.-^o' iinated  Price  to  Foreign  Su])scriber  by  Field  of  Science." 
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Tnhlc  3.17 

PKOi'Oirrior:  nr  '':)]\\ 

OF  Pli!;LI^.:::.R 

•    lor/),  1971,  1973 

• 



—  

Type  of.  Pubj  ifilj-T 



Mlir:.l)tr  of 

J  C'l' }  r:.'i  ^^. 

1969 

CO 

1971 
(%) 

1973 

.  m 

ConiMtorc.i  a]  

6A5 

41.2 

42.9 

44.1 

1,073 

12.2 

13.4 

14.4 

127 

16.0 

22.8 

25.7 

Other  Not"-f or-Prof it  .   .  . 

61A 

19.2 

18.4 

15.7 

2,A59 

21.8 

22.9 

23.0 

SOURCE:     Fry,  Bernard  M.  and  Hci.';    rt  S.  VHiite,  "Economics  and  Interaction  of  the 
Publi53her-Library  Relatioiisliip  In  the  Production  and  Use  of  Scholarly 
and  Research  Journals*'   (NSF  GI\"A130S),  Indiana  University,  November  1975. 
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Tnhlu  3.1H       I'STlMATi:!)  J'ROPOKTTOr;  OK  SUr.SCKTl'TTO.WS  DUE 
TO  FOIlKiCU'  SUiJSCIMIiI<:RS  A^H)  NlIMIiKf^ 

FO Ri'j  c ; : J  s  u    c  i^.  1 1* t i or. S  :    ]  9 6 O -  3. 9 G  0 


 Yp,ir_  

Total 

Nunber  of 
Subsuribcci 
(0001 

Proporc Ion 
of  Foroisn 
S'jbiicribevs 

TotaJ  Xtirhor 
of  ForcJsn 
Subscribers 

tm)  .  ,, 

Price 
to  Foreign 
Subbcritorr. 

(^) 

1960  .  .  . 

7.1A1 

19.1 

1,364 

6.01 

1961  .   .  . 

7,831 

19. A 

1,519 

6.57 

1962  .   .  . 

8.683 

19.7  ' 

1,710 

8.48 

1963  .  .  . 

9.223 

20.0 

1,845 

8.38 

196A  .   .  . 

9,775 

20.3 

1,984 

8.39 

1965  .  .  . 

10.A20 

20.6 

2,146 

8.60 

1966  .  .  . 

11,058 

20.9 

2,311 

9.33 

1967  .  .  . 

11.950 

21.2 

2,533 

10.39 

1968  .  .  . 

12,768 

21.5 

2,745 

11.66 

1969  .  .  . 

13,AIA 

21.8 

2,924 

12,82 

1970  .   .  . 

13.910 

22.4 

3,116 

14.22 

1971  .  .  . 

U.193 

22.9 

3,250 

15.98 

1972  .   .  . 

22.9 

3.337 

18. :3 

1973  .  .  . 

14,9-^1 

23.0 

3,436 

20.63 

197A  .  .  . 

15,263 

23.3 

3,557 

21.90 

—  p?.ojECTio;;s  

1975  .   .  . 

16,160 

23. A 

3,780 

20.74 

1976  .   .  . 

16,710 

23.6 

3,940 

21.82 

1977  .  .  . 

17.280 

23.7 

4,100 

22.90 

1978  .  .  . 

17,850 

23.9 

4,260 

23.98 

19  79  .  .  . 

18,450 

24.0 

4,420 

25.06 

1980  ,   .  . 

19,0^0 

24.1 

4,590 

26.14 

1960-65     -  . 

A6 

s 

57 

43 

1965-70    .  . 

33 

9 

4j 

45 

19?0-75     ,  . 

16 

4 

21 

46 

1975-SO    .  . 

18 

■> 

21 

26 

SOUKCE;     Mi?rV>>t  Fncts,   Inc..  Center  for  Quan L 1     : iv*i  ScitnccJ. 


1A5 


Table  3.19    ESTIMATED  PRICE  TO  FOREIGN  SUBSCRIBERS  BY 
FIELD  OF  SCIENCE:  1962-1974 


Field  of  Science 

1962 

1963 

1964 

1965  ' 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

Phyfllc^il  Sciences  ,  ,  . 

i  11,53 

i 

12.21 

12.f.S 

12.25 

15.01 

21.85 

29.52 

33.94 

37.16 

43.04 

^7.64 

48.90 

47.87 

Katliwatlcg  ( 
Stillulrs  

! 

MM 

11. 26 

11.52 

12.20 

17.85 

14.76 

15.<'17 

16.f:0 

H.72 

IB.fil 

» 

]9.'<4 

ta|iiii<'r  'Ji'li-mN'fi  ,  ,  . 

11,11 

11.22 

lh*)5 

D.IB 

14.49 

I'j.lO 

15.27 

14. r4 

l/».fi() 

V).% 

1H.15 

7;.37 

r}M 

Envtrormcntiil 
Sclcrces  ...... 

3./'6 

3.62 

4. 10 

4.72 

5.96 

7.70 

J0,63 

U.2t) 

17„50 

19.56 

20.33 

20.96 

21.21 

Enxlni!crin[;  

7.^5 

7.86 

fl.6? 

9.48 

9.92 

9.98 

10.06 

10.54 

11.30 

11.95 

:i.fl7 

17.18 

19,53 

Llf(^  ScliMKon  

10.45 

10.03 

9.ftO 

10.19 

11.46 

12.98 

14,56 

15.95 

17.31 

18.S2 

:^45 

25.06 

27.35 

Pflvclinlopy  

7.92 

■ 

8.33 

8,80 

8.92 

9.06 

9,56 

10.09 

10.27 

10.99 

12.(0 

19,93 

22.36 

Socl.ll  uclcncea  *  .  .  < 

7.94 

7.78 

7.51 

7.28 

7.25 

7.38 

7.85 

t.50 

9.36 

11.76 

13.61 

14.58 

15.22 

?.2i 

7.16 

7.01 

6.!)0 

7.97 

10.18 

12.51 

1?.82 

14.85 

16.62 

10.59 

2P.03 

:o.6s 

Tocal   

8.47 

8.3Q 

8.39 

8.59 

9.32 

10.38 

11.65 

12.81 

14.21 

15.97 

13.23 

20.63 

21.90 

SOUKC?:;  Journnl  Trncking  Survry,  Hurket  Facti,  Inc.»  Center  for  Qunntltative  Sclenceii. 
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As  will  be  seen  later,  libraries  and  other  institutions  serve  as  a 
major  source  of  journal  articles  to  scientists  and  engineers.     Thus  the  number 
of  subscriptions  held  by  these  organizations  is  an  important  indicator  of 
scientific  and  technical  communication.     In  order  to  arrive  at  these  estimates, 
the  number  of  foreign  subscribers  was  subtracted  from  the  number  of  total  sub- 
scribers to  arrive  at  U.  S.  subscriptions,  and  this  category  was  further  sub- 
divided into  individual  and  institutional  subscriptions. 

The  proportion  of  institutional  subscriptions  and  individual  subscrip- 
tions to  the  total  domestic  figure  came  primarily  from  the  Indiana  University 
study,  since  that  was  our  best  source  of  data.     The  median  proportion  of  insti- 
tutional subscribers  used  is  given  in  Table  3.20.     The  weighted  average  of  the 
proportion  of  institutional  subscribers  did  not  vary  significantly  from  1969  to 
1973.     Thus,  in  the  absence  of  better  data,  we  assumed  that  the  proportion  would 
remain  a  constant  39  percent  over  the  1960  to  1974  period.     This  figure  was  then 
multiplied  times  total  domestic  subscriptions  in  order  to  estimate  total  insti- 
tutional circulation.     Results  of  these  calculations  are  given  in  Table  3.21, 
along  with  institutional  subscription  prices. 

In  order  to  project  domestic,  institutional  and  individual  subscrip- 
tions we  attempted  regression  analysis  with  several  independent  variables,  in- 
cluding subscription  price,   time,  and  the  number  of  scientists  and  engineers. 
Our  results  led  us  to  the  prediction  of  domestic  and  institutional  subscriptions 
as  a  function  of  scientists  and  engineers.     The  number  of  individual  subscrip- 
tions was  then  calculated  as  the  difference  between  these  two  figures. 

The  equations  used  for  the  projection  of  domestic  and  in  =^titutional 
subscriptions  were: 

Y  -  -2.21  -h  .0072X 

where : 

/\ 

Y  is  the  number  of  domestic  subscriptions  (in  thousands; 

X      is  the  number  of  scientists  and  engineers   (in  thousands) 
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Table  3.20     K.STJ MATKi.)  mi^dia:;  PL. •■:!,;•,! An; :  o.v  i:::;.jrii;iio\v.L  suiiscr i hers 

I'.Y  TYFi;  OL-  I  Mil.;.:      l'i:.9,    1071,  1973 


NurJ  ;r  .-f 

1969 

1971 

1973 

Type  of  PubLisher 

JoL-rnnlLi 

(%) 

645 

56.1 

56.5 

56.9 

1,073 

22.6 

24.1 

25.5 

127 

50.4 

50.4 

53.5 

Other  Not-f nr-Profit  .  . 

614 

50.6 

42.0 

42.5 

2,459 

39.8 

38.4 

39.4 

SOURCE;     Fry,  Bc;:nard  M.  and  Ilcj-hert  S.  i:hit.c,  "Econo-^.ics  and  Inleractions 
of  the  Publisher-Library  RcJ  atiorinhi  p  in  thci  Production  and  Use  of 
Scholarly  and  Research  Journal.s"  (KSF  G:;-4130S),  Indiana  Uu.Lvcri;ity , 
November,  1975. 


wliere 


Y  *  -.99  +  .0C29X 


Y  is  the  nuri])cr  of  i  nr.tl  tutional  sul^f^.criplions   (in  t]iour>niuis) 


X  is  the  nvtmhcr  of  ncientisl's  nnd  engineers   (in  thousandr:) 


US 


TiHilf  'i.xi      I'S'i'j I  n  TOT*  I  i:  ci'  ly)::},,; i  ic  ,siii'/:f;i:j  iw.i:*:, 


Year 

Tot  J  I  :.'uv>.'r 
of   DuT  •,L\r 
Soh'.rrll.Tv  1 

To:..:  -J- 
of  Zt ^  I  ii-^  : '  ^'  !  I 

^  C  ^ '> 

'■'it           T:iL;tiruT  Jo::,t 
:Jubj.c*rl">t  Ion 

£  )  ^iT.  ;:  iT.t 

1960  .   .  , 

5, 777 

2,253 

7.^:6 

8.97 

1961  .  .  . 

6,33  2 

2,  461 

9.3U 

10,45 

19C2  .   •  >. 

6,973 

2,719 

12.73 

14,15 

IVo^  .   .  . 

7,378 

2,877 

13.25 

14.54 

196'*  •  .  . 

7 ,  791 

3.038 

13.77 

14.87 

1965  .  .  . 

8,27^. 

3.227 

14.42 

15.29 

1966  .  .  . 

8,747 

3,4U 

15.07 

15.55 

1967 

9,417 

3  673 

16 . 48 

16,  48 

1968  .   .  . 

10,023 

3,9C9 

1  7  VJQ 

17.20 

1969 

10, 490 

4  091 

10    5  *. 
Xj  •  0^ 

^  Q  '>n 

Lo .  4  U 

1970  .   .  , 

10, 794 

4 ,  210 

21 .  78 

i  0  .  7  ■» 

1971 

10  94  3 

4  "^63 

19.36 

1972  ,   .  . 

11,234 

•i,33: 

24.32 

19.97 

1973  ,   .  . 

11,505 

4,437 

27.20 

20.73 

10  7/ 

11     7  11 
li.  ,  /  1  X 

**  ,  JO  » 

^9.5/ 

20 .  uu 

1^75  .   .  . 

12 , 380 

4,  ?^  ; 

29.18 

18. i6 

1976  .   .  . 

12,770 

3,043 

30,60 

IS. 14 

1977  .   .  . 

13,180 

5,210 

32.02 

17.73 

1978  .   .  . 

13,590 

5,376 

33.44 

17.37 

IV.  ^  ,   .  . 

14,030 

3,550 

34.  S6 

17.02 

.   ,  . 

14.450 

5.7:1 

36.28 

16.65 

1960-65  . 

4J 

43 

83 

70 

1965-70  . 

30 

30 

51 

24 

1970-75  . 

15 

16 

34 

-3 

1975-^0  . 

1 

1 

17 

17 

24 

-10 

C::P  Ippllclt              ^ofl^tjr  (l?/;-- 
1 

SOU* i> C L. :       Ma  v\-  l-z.  r  a c  t  ,^  ^   Inc.,  C o :-, ;  ■.•  i 
2 

Jo  u  m  a  I  T  r  t  ' ,  1  ru;     u  r '/  c  /  ,  ' ' 

\  r-6  7  coti;- 1 
ti  r  :"or  r^^ 

.>AZ  Jo  1  1 J  r  u  . 

2  ii  1 


jcc'l  luir;  arr  ^-Jv^'ii  in  T.»hlr-  ').'!!.  f  1 1  -  I  i  I  t- ;  :\  i.  <  I  '  i  Ii  .  l  1  i)  I  i  ous  (»vt'r  I  Iu.»  c'lilir 
\^)G{)  "  pn  ltul  .'uc  plotttj   in  ri."i\'  ';.'"/» 

F.ip.urr  NiiMrj'.K  oi'  iN^.  i  ni'i  i'-  ■  L  i        /.:;  a  }  i):,(:t u)N 


Subscription  price  inforii    ;  J  cm^  coUocLod  from  journal   issues  dur 

iiig  thi'  cotirsn  of  our  Journal   f^u.i  \'c  y  .     Tr^/.t  1 1  ut*  ioiul   i;ub:;cri  pL  ion  price,  i.e., 
the  price  a  lilM'nry  mir-L  pny ,  ^vc*^<^  o;  '   of  Llnv  'inh:' vJ  :.ions  recorder.     Not  nil 
journn]^  p^ave   Ll*»is   i  n  fori.M  t  i  en  .     IT.:..  \       ci.pc  r:  i  :i  11  y  I  ru^^  of  older  i  sr.uos  from 
the  early  and  middjc   1^^60V';.     TiKr*'  *"ri  c  ,  t.-.mi  cin  actinal    i  nsLi  Lutional  subscri.p 
tion  prire  v/a.-;  not  nenJ  .'on'xl,  ^ •:  ,i    i    individual   vaio  v;as  ;n.ed.  Tlic 
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3.17      NUMBF.il  OV  INSTITUTIOl-AL  SU3S(;[ITPT ION'S :  1960-1980 


ERIC 


2  0  1- 
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iu::I  •  1  lU' if>!-'tt  iuiLL";  ol;(^i',>'\l  v-'ci!'  i-ivtMi  iu  'L;jl).ltj  3,.?J  in  current:  nnd  ccuifitaur 
clo3l.":rs  .'in.I  rvc  :\l'..o  plotti:'  in  ['Ir/.jr-  .3  . 1  o  ,  'I'lie  c.an-c\}i  dollar  j  n:;  t*  i  Lii  I;  ioaal 
prict;   iruM.-fa.'-.f  frOi^i  lo  UV/A  v.rir-.  :^7'j  ]')^'rconL.     Ar;  rM  dcu.ssccI  In  tiic  ner.t 

f:ect.jon,   M;'"  cori.  v  'Pti  .t! !  m     cnr^-csK  ("nll.'-.r  pTt.cH   Increar.p  for  ir!(Mv:Idual  sub- 
sci  ibt-rs  v.-is  r.  coj:.:   frd/lr  2r..l   pi'' rcv  .it: . 

F^i^urc-  3.18      AVj;':/.m:  l!;:riM"n!:  '0r/.l.  ri'TCK  KOR  alt.  FTHLDS:  1960-1980 


.0  i 


5.> 


1960      62      64       66       68       "C       ~l       T-l       7b        73  dO 
SOCRCZ:    Ti:^le  J.  2l 

Tho  Tncii..'.^.m  IJnxvt^i-sT       c:tii:'v'  resullG  for  i.ncotituLional  subscriptive 
prices  are  sovic.Avit  difTc-rci.L  rro:^  ciiv  d-U^i.     Tliclr  f-Jgurcs  are  gi  in 
Table  3.22.     'J'he  Tnd:';ua  piMCf:  os L  i  ■ '.'t       are  considerably  lower  than  ours,  for 
cxan:;>l^'  $17.77  in  1973  as  vo;  oarea  with  our  .V27.19.     At  the  same  tiine,  their 
rate?  of  inc.rc-asu  in  r.omLv:]):\i  £,):t}:\lcn:  —        pcrcout  betveon  1969  and  1973  coin- 
pared  v.-Itli  oim-  37  percent.     AnoLlu.r  ^oarce,   tlie  Purdue  Un J.Vfirsity  library,  re- 
porlF,  average  pricc:^  of  $3^.?'^  and  r^/;0.57  for  tlic  sch<-'larly  journal  s  tlicy  pur- 
cliascd  in  J971.  and  J<)7:-5  |  i  vr  1  y  . 
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Table  3.22 

KSTTMATEl)  AVF.^^ 
BY  TYPE  Ob^ 

VURT.r-HtiR: 

SUiiSCRIPTICM  PRICES, 
1969,  1971,  1973 

Typ3  of  ?ubH.^3h<M: 

Total 
Number  of 
Journals 

1969 
(^) 

1971 

($) 

1973 
($) 

ComTP.ercial''" 

645 

18.62 

21.68 

27.93 

Society 

1073 

11.78 

13.00 

16.26 

University  Press 

127 

10.24 

11.31 

14.73 

Other  Not-foc~Prof it  ^ 

614 

7.21 

7.91 

>,35 

Wfi  Lighted  Average 

2459 

12.35 

13.92 

17.77 

Traclvin^  Gucvcy 
Estimates^ 

19.83 

23.30 

27.19 

M,  and  Herbert  3. 

'.vhi. Lc^ ,  " i.coacr'.i.cs 

and  Interaction 

of  the 

PuHLi..shor-LlI)rary  Rn2atio:i:3h Lp  ia         Production  aad  Use  of  Scholarly 
and  Re.so.aroh  Journ.'.ls"  (NSF  GM-41j03)  ,  Indj.ana  University,  November  1975, 

» 

•Jctivual  Troclclng  Survey,  Market  F.icts  Inc-,  Center  ror  Quantitative 


One  rea.sot^  Tor  t'.h'j.  low  subL^crlp!:  Ici  pvlccs  found  in  the  Indiana 

study  T;iy  be  Llieir  jiic.i.uni.cn  of  Iiuaan  i.t;i.- -s  Jv '.r-als ,  rmier-.tlly  lower-priced 

^Aiatx  Liioso  la  the  .sci -'.".ccs  .     t]y  fjojd       i  i  • -a  l" .  •  s  Tco::!  Lho  Indiana  Gtudy  and  the 

Journal  Tj  :;id;Ln']  Sui'vey  .ire  .SM<)i/n  in  I'.iijio  3^2^  ;:nd  iiie  1' .  24  respectively, 
Li..:   I'f  ^i:k  in;-;  ;;u';v*,-y  .\M:a   is  a.I.:.o      Loi:  Ot'    Lit     i  3.18, 

C.<f:.I.ud  ;.n>.;  ;..:ulC;.5  I'nv  IianJan  i.  f:  l  l-^   j  c-iriiali:; ,  Indiana  average  Sub^ 

script  [.TMi  [M.-i.ce  d.i.ta  is  sc.nir^vliat  ]vL;:d:*-r,    frjr  '::'h.:^i  \  c ,  '^ylOJ}')  in  J '^73  compared 

w.itii  .SL7.//   in  lIk:  ii:i:v,^  ytiar  Tor  Llifir  Li;Lal  -ti.MiIc.  l^lIcj's  are  groaTest  for 

nut  it  «   l^'d  I  li.'i  1- ,   .ii:.!  v"(Mi  ;  :  v!.mmI»  '  V  ''v^:'.  '  lu:  .';)i>I.ii'd  science  and 

c  <:.'n»o  j.i>.,y  .-Mi;!  (Ih*  ••.ocLii  ;;(:t.-.u:-:  j  ou  i.  i.- '  1 .      C!u:s  ri'i  ul   t:.  rA.:\n  ouiileat  in  the 
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TiibU-  ■t.?.3     k:;':  )  MATi'.n  /•■A'!;;;/.':)';  i,[iS!;Ai;v  sL''.,;f'.;'ii'Tio;:  pkic!;:;  r.y  i-i.I'.t.i)  ok  fjciK:;^:)' : 


... 

Field  of  ::cicnc  r: 

Mudjcr  of 

1969 

a-) 

1971 

1973 

Pure  r^ctuiico^  

20. 9A 

23. R5 

31. AC 

Applied  r.ciorice  S 

717 

13.57 

15.25 

19.66 

Social  Sci'..  .-.ccs^     ,   .  . 

970 

8.56 

9.51 

12.63 

Weichcrrl  Toial  .... 

2160 

12.87 

1A.55 

19.09 

Trockinj;  SuiA^ey 

19.83 

23.3' 

27,19 

SOURCE:      Fry,  Bernard  M.  and  Herbert  S.  r.-.tcc,  "Fccticmics  and  Intr-nuiLion  of  the 
Publisher-Library  Uelntionship  ir.  tr.e  Production  and  Use  of  Scholarly 
and  Research  Journras"  (NSF  C:;-il333),  Indicina  University,  November,  1975. 

2 

Journal  Tracking  Survey,  Market  Facts,  Inc.,  Center  for  Quuut.iCative 
Sciences. 

Trackins  Sui    ■     data,  wliich  shows  the  larcesl  subscription  prices  for  the  Phyr,i~ 
cal  Sciences  and  Mathcniatics  journals  and  the  sip.nllnst  for  the  Social  Science 
journals.     Bo<:]i  subscription  prices;  and  perccnLafjC  increaese  in  them  over  tlie 
years  vary  substantially  among  fields. 

3.2.7  Distr i bji^ti^o nd  Price  to  IndivjoLial  Subscribers 


Table  3.25  gives  tlie  estimated  total  jcurnal  circulation  to  individual 
subscribers,  along  with  the  average  nunber  of  individual  subscriptions  per 
scientist/engineer.     Total  circulation  is  plotted  in  Figure  3.20.  Projections 
of  the  number  of  individual  sub;^cribers  were  calculated  by  subtracting  institu- 
tional projections  from  tliose  for  total  doue^^tic  subscribers. 

It  is  noted  that  the  avera^t*-  nurber  of  individL^al  subscr J ptious  ranges 
frO[n  about  3.0  t.    3.7  over  the  period  of  tin:L   froi:i  I960  to  197A.     This  seci-is 
high;   liowcver,   ir.  a  study  conducted  by  Kest.it   (1';)  in  3973  ainong  3 '!  f  e  scientists, 
it  was  estim.itod  that  Lh'.-  average  iiuii;l'-jr  of  £-,ubscriptio;^^-^  ta'-.en  by  respondents 
to  their  survey  was  jusi  over  six  subs^:ri  pti  ons  i>nr  sci^:nlist.     Tlie  average 
output-  in  tL-rrm  of  nnr.i^.'V  of  articli:.  y?v  scfoiui5:t  in  197^:  was  COS  over  al] 
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Table  3.24    INSTITUTIONAL  SUBSCRIPTION  t'RICES,  BY  FIELD  OF  SCIENCE: 

1962-1974 


(Current  and  Constant  1967  Dollars) 


Field  of  Scicpcc 

: 

1962 

Current  Consinnt 

Current  Conntnnt 

1956 

Current  Conjtiint 

1968 

Currrii^  CoDOtant 

1 

1  1970 
Current  Ccnntnnt 

1972 

Currriit  Cor?t/\nt 

1  197i 
lurrrnt  Conptint 

Physical  Sciences  .  ,  . 

18.62 

20.69 

20,21 

21.83 

21.87 

22,57 

27.16 

26.11 

34,65 

30,13 

53,62 

i3,L5' 

63,17 

43.67 

riatlun.vlcs  

17,  BO 

19.79 

19.90 

21.50 

25.3!] 

26.19 

2f;,9l 

25,87 

1  32,28 

25,07 

39. 3^ 

31,66 

45,52 

31.47 

O-'^putrr  Scl''uro5  ,  .  . 

]0.f«7 

U,3.] 

15.  JO 

Ki.l5 

13,^>0 

;  r-.',72 

17.15 

rs6(i 

[Iclenccs  

12.65 

U,37 

15,32 

16,33 

16,85 

19.22 

18^/*8 

1  25.28 

21,98 

30.46 

:^,5i 

37.61 

2S,('i) 

r^np.inccrlng  

11,13 

12,37 

12,02 

12,93 

,  16.2'« 

16,76 

18,fl« 

18.15 

I  21.36 

18.57 

24.67 

19,5 

;  32.40 

22,^0 

Life  Sciences   

13,0B 

U.W 

■ 

15, 3Q 

,  15.25 

15. 7A 

19.65 

10.89 

26.20 

22.78 

29,62 

23.ft'^ 

34.66 

23.9< 

rj;ycholin>y 

iO,OL 

IL,13 

11,64 

12.^7 

'  13.;iB 

13.81 

K',70 

u.n 

i  17,91 

15.59 

24.3? 

\U\ 

,Vocl.il  Sclrnrefl  .  .  ,  . 

n,3b 

U.8S 

11,75 

1^.86 

13,75 

U,19 

:  15, 9J 

13, 

16.10 

]],;i 

'  17,53 

J. 30 

8,11 

7,9] 

8.57 

9.31 

9,61 

10,85 

10,« 

13,96 

I 

12, Vi 

16.23 

'  19.56 

13.52 

All  t'lcidfj  

 f"  ' 

12,73 

U.15 

13.77 

U.fl7 

'  15,07 
i 

15,55 

I7,Ji9 

17,20 

!  21,78 

i 

24.H2 

19.97 

'  29.:^7 

1 

lining  Q\?  k^'lkit  prici  doflitor  {1975-1980  NPA)  to  olitnin  1967  Constfint  DoUarB, 
SOURCE:  Market  FflCta,  Inc,  Ceriter  for  Quantitative  Sciencca. 


PER  SC:i  ri.' 

DKvi':i/»iM-if:;sV  r: 


)...  TIC 

\;:;)  y'lci 
:  IN  co:: 


AND  i:i:r;KAKc:u  AMIV 


Year 

1 

i   (ocp)  

5.777 

 'yr.'') 

Avcr^^c  ?ro.  of 
Tr.cIivid-j.Tl 



pr.D 

T'.iT.-li'-r, 
[Ccr.slr.r.r  S]  * 

^   

1960  .  .  , 

3,524 



3.04 

15.4 

1961  .  .  . 

:  6,312 

! 

';,851 

3.18 

16.1 

1962  .  .  . 

i 

!  6,973 

4.254 

3.34 

17.1 

1963  .   .  . 

7,378 

4,501 

3.34 

18.8 

196A  .  .  . 

7.791 

4,753 

3.40 

20,4 

1965  .  .  •. 

8,27A 

5,047 

3.50 

21.3 

1966  .  .  . 

8,7A7 

5,336 

3.55 

22,6 

1967  .   .  . 

9,^17 

5,744 

3.64 

23.2 

1968  .  .  . 

10,023 

6,114 

3.71 

23.7 

1969  .  .  . 

10,490 

6,399 

3.71 

23.6 

197u  .  .  . 

10.79A 

6,584 

3.66 

22.6 

1971  .  .  . 

10,9^3 

6,675 

3.64 

22.2 

1972  .   .  . 

11,234 

6,653 

3.66 

:2.8 

1973  .  .  . 

11,505 

7,01E 

3.65 

23.2 

197A  .   .  , 

11,711 

7,144 

3.62 

22.  2 

1975  .   .  . 

12,380 

7,495 

3.70 

21.7 

1976  .   .  . 

12,770 

7,725 

3.71 

21.6 

1977  .   .  . 

13,180 

7,970 

3.73 

21.6 

1978  .   .  . 

13,590 

8,214 

3.74 

21.6 

1 

1979  ...  ] 

14,030 

3,4rjO 

3.76 

21.8 

1 

1980  ...  j 

14,450 

:i,729 

3.77 

22.2 

1960-65  .  .  . 

43 

43 

10 

38 

1965-70  .  .  . 

30 

30 

6 

1970-75  .  .  . 

15 

14 

1 

1970-80  .   .  . 

18 

16 

2 

2 

A 

CV?  In^pJicic  price  dcfluor  (197:.-i: 

f.'.           Con.-tjnL  Dnllars 

SO-      ■  :     «crKi:t  K 

CCS,          ,  Center  5 

2c  1 
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Figure  3.19      TMSTLTUTTOMAL  SUnSCirLPT ro:j  P?j:ci:S  RY  I'TELD  Ol-'  SCIENCE:  1962-1974 
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Figure  3-20      NUMBER  OF  INDIVIDUAL  JOURNAL  SUBSCRIPTIONS:  19oO-198( 
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SOURCE:  Table  3.  25 
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Table  3,26 

ESTiMATI-D  AVER.\CK 

^Ln^^JJlTPTION  PRICES 

TO  INDTVIOUALS 

IN  CURRENT  \\\ 

')  CO::STAMT  DOLLARS'^' 

AMD  avf:r.age 

nlribI':r  ok  sif 


';:SCR[PTrONS  III'LD: 

1960-1980 

 Ypo^t  

Ave  TilgC 

InJ  ividun  L 
Subscription 
Price  (?) 

Avor;»p,c 
Individual 
r^ubr,.  rlptlon 
PrIcc_^"onfltnnC 



Avcra^o  N'o . 
of  Indlvldi-nl 
jubr.rrlptl<^r.fi 

Aver.igc  Price 
Per  Article 
(Cnnstant  $) 



Nvetag*;  Prlc? 
Per  KUouord 

Pa^jc 
(Ccn.it.inc  $) 

I960  .  .  . 

5.27 

6.00 

3.04 

0.0845 

0.0156 

1961  .   .  . 

6.21 

6.98 

3.18 

0.0983 

0.0182 

X962  ,  .  . 

8.71 

9.63 

3.34 

0.1363 

0.0'!52 

1963  .  .  . 

9.19 

10.08 

3,34 

0.1440 

0.0262 

1964  ,  .  . 

9.67 

10.45 

1.40 

0.1472 

0.0274 

1965  .   .  . 

9.08 

10.27 

3.50 

0.  1426 

0.0263 

I9h6  .  .  . 

9.70 

10.01 

0.1353 

0.0252 

1967  .   .  , 

10.47 

10.47 

3.64 

0. 1396 

0.0259 

1968  .  .  . 

11.25 

10.82 

3. 71 

0.1443 

0,0265 

1969  .  .  • 

12.67 

1  1 

IX.  DZ 

3.71 

0 . 1549 

0.0201 

1970  .   .  . 

U.IO 

12.26 

3.66 

0.1613 

0.0291 

1971  ,  .  . 

15. i5 

12.85 

3.64 

0.1647 

0.0302 

1972  .   .  . 

16.80 

13.32 

3.6r, 

0.1733 

0.0324 

1973  .   .  . 

18.4/i 

14.05 

3.65 

O.lHOl 

0.0335 

V^n   .  .  , 



20.08 



13.88 



3.62 

r:'.nj!-:crio;is  

0.1803 

0,0330 

in/5  .  .  . 

19.37 

12.25 

3.70 

0.1571 

0.0291 

19/6  .  .  . 

20.31 

1  2 . 04 

3.71 

0.1524 

0.02B2 

197/  .  .  . 

21.25 

11.80 

3.73 

0.1494 

0.0282 

lo/r.  .  .  . 

22.19 

11.5) 

3.74 

0.  1441 

0.0267 

2  J .  1 1 

'  '  "            I  L.29 

3.76 

0.1411 

0.0261 

.  .  . 

1 1 .  ')4 

3.  /; 

0. 1363 

0.0252 

'^■T'T  ci'A.'ir.r.    -   

34 

71 

15 

69 

69 

19 

5 

U 

/•»   .  j 

1 

J/ 

0 

I 

58- 

i';75        .  j 

24 

-10 

•> 

-13 

-13 

1-;!;.)             ...  , 

r.    i  ■    ■       .(  .t      r.   '.:■<  i  I;ir  'J . 
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of  ?:til)sc|-i.pciiya':   for  in  Ir  .smuic-Ik' f    M;;!i' ^  lor  the*  i*.'.  u.a  f  u  i  nj 

fit»lci}:;  oi  .sc.  I(:r)(:c  ,  Tin-  t  n-r^d  of  llic  .tv.  i'.^t!  iur:/:cr  of  i  lid  i  Vi\-i;al  .sub:;c  r  [.p  L  i  oa: 
is  sl.ip,l'i:ly  u)»  ovor  t:in-.^.  /ul  •  ::ii  Or f  .'.ir  (•c<jnn:  ir.  qncsL  ion  Ig  ''^rrlrM'  Ivctu: 
is  r<  l;iLe(l   Lo  clir:  in  s'jIj.sc  r  i  p  (  i  of.  [)r';.c. 

The  averrj^c  indlvith:;:!  r  I rion  pri.ce  j)or  jovir.'Uil  \vas  cijL  r:otcd 

fro'n  {he.  Jou:ncl  Tr;- ^'!^:-Lm3  Svrw.y  d::i;:  by  oht^ovv  < '      t  i:  -  cj. m)1:l-I  ^irice  fui  oacl^i 
journ.?]   in  i]\<i  ij.-r.ip.'!  .:• .     Ti-osc-  fjci^TK^:  given  :t  r  Tr.nU^  3.26  r.nd  presumed 

grai>hic.i]  ly  in  Vly.M  o  3,23,     Rcc^ul.L,':;  -J-idjcuLe  a  lOr.O  -  197A  ranc^e  of  prico.-  of 
$5.27  to  $70.03  in  ciirr-'-nr  do]lc:.\s,  oi  SG.OO  Co  r-:l3.8ri  in  ccji.u^.m:  dollars. 

Figure  3.21      AVCIIaCI:  INDIVIDUAL  Sl'):SCr.'IPTIO:J  PRTCH  FOR  ALL  VillDS  OF  SCIK?;CE: 


1 9oU    ^.  2     bJ     66  68 


Year 


2  1  I 

161 


.\v^--rat^e  i     Lv  Ittual  /luh.jcr  i  p  r  Lo  n  price  versus  the  average,  nu^nbcr  of 
indivMiLil    .ii'.sf  r-fpr  I  '-rs  vi  ploLi^/d  in  r'-Sure  3.22.     Tlte  expected  economic 
relAt  loa-^hip,    •.porc  iL-Jiand  d:oc ro.is.-s  -./ith  incrodsinj  pricr-^.^,  does  not  appear 
to  hold.     Loo\>.l\z  aL   ;:>divIdti-L  sn!-;or  f  p  tiOTi  figures  it  is  clear  that  what  is 
happouiiis  iiy  I'vit  /d-^.-"  journ;\'!:5  ;n:e  If-^Infi  .sub:ijcribe.'s  :;ht\n  their  prices  increase 
nnd  or.I^.er  journnls  ar'-  picking    p  Lhn'.:o  .<:uh3cribei despite  increased  prices. 
ThuJ.;,   there  ai  parorWly  ai;o.  qu;i.ity  aLtribuL^s  of  journals  that  mu.st  be  affecting 
the  suhscri  [it  ion  bc'iavMor. 

Figure  3.22  OF  IMOrVIDUAh  51  fJCriCRTVT fONS  SOLD  AS  A  FUMCTTON  OF  AVERAGE 

IMDIVIDIJAL  SUBSCRIPTTOM  PRICE  IV.  COMSTANT  DOLLARS 


EKLC 


2  1  o 


Table  3.26  also  shows  the  average  price  per  article^  deterfnlnec  by 
dividing  tho  average  constant  dollar  subscription  price  by  average  number  of 
articler  per  journal  found  In  ^.able  3.12.     The  price  per  article  has  been  in- 
creasing steadily  since  the  mid-1960^ s,  although  it  is  projected  to  decline 
somewhat  in  the  period  to  1980.     It  is  noted  that  the  price  per  article  received 
of  less  than  $0.20  is  still  remarkably  inexpensive.     The  average  numbei  of 
articles  received  per  scientist  and  engineer  annually  is  in  the  range  of  about 
400  to  475  articles.     Depending  on  how  nany  of  these  articles  are  read  and  used, 
the  journal  means  of  d-^ s trlbuting  articles  would  seem  to  be  rather  efficient. 

Another  measure  of  journal  costs  is  the  price  per  kiloword  page. 
This  is  also  shown  in  Table  3.26,  and  plotted  in  Figure  3.23.     The  average  price 
(In  constant  dollars)  per  kiloword  page  has  gone  from  about  2.5  cents  through  the 
mld-1960's  to  a  high  of  3.3  cents  in  1974.     The  SATCOM  report  (35)  indicates 
that  the  price  per  kiloword  page  per  subscriber  in  1968  is  in  the  same  range  as 
that  observed  in  our  survey.     In  that  report,  it  was  Indicated  that  the  price 
per  kiloword  page  varied  by  publishing  entity,  field  of  science  and  size  of 
circulation.     Journals  published  by  societies  tend  to  have  lower  prices  than 
private  publishers.     Our  average  prices  over  time  are  in  the  three  cent  per 
kiloword  page  range.     The  SATCOM  results  indicated  that  U.  S.  society  publica- 
tions had  price  ranges  of  one  to  four  cents  for  mathematics,  less  than  one  to 
six  cents  for  chemistry,  less  than  one  to  seven  cents  for  physics  and  one  to 
52  cents  for  electrical  engineering.     U.  S.  private  publishers  had  price  ranges 
from  four  to  ten  cents  for  mathematics,   four  to  14  cents  for  chemistry  and  phy- 
sics, and  leiis  than  two  cents  for  electrical  engineering.     The  Indiana  University 
study  (48)  shows  average  price  per  page  as  being  in  the  two  to  three  cent  range. 

The  breakdown  of  individual  subscription  prices  by  field  of  science  is 
shown  in  Table  3.27  and  Figure  3.24.     These  were  identified  in  the  Journal 
Tracking  Survey.     In  constant  dollars,   the  most  expensive  individual  subscrip- 
tion prices  in  1974  were  for  Physical  Sciences  ($29.12),  Mathematics  ($20.77) 
and  Life  Sciences   ($20.03)  journals.     These  are  also  the  fields  which  have 
exhibited  the  sharpest  increases  since  1962.     Practically  all  fields  (except 
Physical  Sciences)  show  a  levelling  off,  or  even  decrease  in  constant  dollar 
price  since  1972. 

The  individual  average  prices  of  periodicals  obtained  from  The  Bowker 
Annual  are  presented  in  Table    3.28.     This  table  displays  the  average  price  of 
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Figure  3.23      PRICE  PER  KILOWORD:  1960-1980 
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all  U.  S.  science  and  technology  periodicals  and  also  a  breakdown  of  the 
periodicals  by  field  of  science.     The  data  is  plotted  in  Figure  3.25.  When 
comparing  these  averages  with  the  averages  obtained  in  the  Journal  Tracking 
Survey,  it  is  seen  that  the  rate  of  increase  is  less  for  the  Survey  sample 
price  than  for  the  overall  (Bowker)  price  of  scientific  and  technical  periodicals. 
This  difference  is  presumably  due  to  the  more  exhaustive  coverage  of  the  Bowker 
figures,  as  compared  with  our  sample  which  was  limited  to  scholarly  periodicals. 

3.2.8         Distribution  of  Articles  by  Reprints 

A  reprint  (or  offprint)  is  a  copy  of  an  article  obtained  by  an  author 
from  a  publisher  at  the  time  his  or  her  article  is  published.     Some  journal 
publishers  also  sell  article  reprints  to  supplement  their  income.     Authors  may 
obtain  reprints  of  their  own  articles  from  publishers  for  a  price,  for  free, 
or  in  return  for  paying  a  page  charge.     Authors  then  distribute  these  reprints 
in  response  to  requests  from  interested  colleagues,  or  they  may  simply  supply 
them  to  their  colleagues  as  an  adjunct  to  an  informal  exchange  of  information. 
Reprints  may  also  be  distributed  by  an  author's  employer  as  a  form  of  marketing, 
or  a  professor  may  distribute  reprints  obtained  from  a  publisher  to  students 
instead  of  using  photocopies.     Reprints  may  be  a  significant  method  of  scientific 
communication,  not  only  because  of  the  actual  numbers  involved  but  because  of 
the  degree  of  author  control  and  informal  communication  whicn  may  accompany  an 
exchange  of  information  in  this  form. 

Respondents  to  the  Author  Survey  were  asked  (a)  how  many  reprints  they 
obtained  from  the  publisher  of  their  own  article,  and  (b)  how  many  requests  for 
reprints  they  had  received.     Consideration  of  these  two  numbers  allows  us  to 
make  some  estimates  of  the  actual  extent  that  reprints  are  used. 

The  top  line  of  Figure    3. '26  shows  our  estimate  of  the  total  number 
of  reprints  obtained  by  authors  of  their  own  articles  from  publishers  for  the 
period  1968  -  1980.     This  estimate  is  based  on  actual  and  projected  numbers  of 
U.  S-  published  scientific  and  technical  articles,  multiplied  times  an  average 
number  of  reprints  obtained  per  article.     The  trend  line  1968  -  1975  is  based 
on  three-year  moving  averages  of  author  survey  data,  and  the  projection  for 
1975  -  1980  is  based  on  a  constant  1^2  prints  obtained  per  article.     We  do  not 
feel  that  the     -served  data  indicates  a  signif:'cant  decrease  or  increase  in 
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reprints  obtained  per  article  between  1968  and  1975,  and  we  use  the  arithmetic 
average  aa  a  conservative  multiplier.     Numeric  data  Is  displayed  In  Table  3.29. 


Respondents  were  also  asked  how  many  requests  for  reprints  they  had 
received.     Depending  upon  the  size  of  the  potential  audience  for  an  article, 
this  number  may  Indicate  the  degree  of  interest  In  an  author's  work  shown  by 
those  Individuals  who  are  willing  to  communicate  directly  with  the  author.  If 
we  assume  that  all  (or  nearly  all)  reprint  requests  are  filled,  we  have  a 
further  indicator  of  the  actual  distribution  of  scientific  and  technical  informa- 
tion via  the  article  format. 

Table  3.30  displays  reprint  requests  received  per  article.    Note  that 
these  averages  are  between  51  and  65  percent  of  the  number  of  reprints  obtained 
per  article.     We  suggest  three  explanations  for  this.     First,  not  all  of  an 
author's  reprint  supply  might  be  exhausted,  even  after  six  or  seven  years  have 
passed.     Second,  especially  for  articles  published  during  the  latter  years 
covered  by  the  survey,  reprint  requests  might  still  be  received  making  these 
numbers  gross  under  estimates  of  the  actual  number  of  requests  to  be  received 
over  time.     Third,  not  all  reprints  are  distributed  on  request;  some  are  dis- 
tributed without  having  been  requested,  perhaps  to  students  or  co-workers.  If 
we  assume  that,  on  the  average,  60  percent  of  the  reprints  which  an  author  ob- 
tains are  eventually  requested  for  distribution,  the  right-hand  column  of  Table 
3.30  is  obtained  as  graphed  in  Figure  3.26. 

The  second  part  of  the  Author  Survey,  dealing  with  how  authors  obtain 
access  to  articles  which  they  cite,  did  not  reveal  a  corresponding  increase  in 
the  number  of  articles  obtained  via  reprint  channels  which  were  subsequently 
cited  between  1968  and  1975.     One  should  remember  that  this  time  frame  repre- 
sents two  separate  operations:     thfe  requesting  of  reprints  and  the  citing  of 
rticles  obtained  as  reprints.     Because  many  articles  obtained  as  reprints  may 
r  be  cited  by  the  requesting  author,   these  two  numbers  are  not  comparable. 


a 
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We  must  conclude,  however,   that  reprint  distribution,  as  slow  and 
cumbersome  as  it  is,  remains  a  strong  method  of  article  distribution.  This 
coupled  with  increasing  interlibrary  loan  demands,  leads  us  to  believe  that  a 
market  exists  for  the  distribution  of  separate  articles,  assuming  that  such 
an  operation  can  be  sufficiently  centralized,  marketed,  and  operated  so  as  to 
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be  economically  viable.     Tlie  major  caveat  we  have  In  this  respect,  howr-ver ,  is 
that  such  an  operation  (e.g.,  a  clear Inghcusc)  would  not  promote  the  element 
of  informal  scLcntifLc  communication  which  accompanies  reprint  exchange,  c 
point  made  by  several  of  our  consultants. 

3 .  3  Growth  of  ^t he_  Jj^iiL^tiiiil  and  Techjiical  Report  Literature 

A  number  of  government  organizations  announce  and  distribute  scienti- 
fic and  technical  report  literature  produced  under  Federal  government  sponsor- 
ship.    Principal  among  these  are  the  National  Technical  Information  Service 
(NTIS)  and  the  United  States  Government  Printing  Office   (GPO) .     NTIS,  part  of 
the  Department  of  Commerce,  is  the  central  point  in  the  United  States  for  public 
sale  of  R&D  reports  generated  by  Federal  agencies,   their  contractors,  or  grantees. 
The  GPO  prints  and  disseminates  a  wide  variety  of  government  materials,  including 
scientific  and  technical  reports.     A  discussion  of  data  obtained  from  these  two 
organizations  for  the  period  1965  on  follows. 

3.3.1  The  National  Technical  Information  Service 

The  National  Technical  Information  Service  processes  primarily  govern- 
ment reports  and  a  small  number  of  journal  articles  and  a  small  percentage  of 
journal  articles.     Figures  on  total  items  processed  and  reports  processed  are 
shown  in  Table  3.31, 

Table  3,31  also  shows  Federal  obligations  for  research  and  development. 
These  demonstrate  the  lack  of  correlation  between  growth  of  NTIS  and  research 
and  development  funding.         It  Is  f -It  that  much  of  ^he  growth  in  report  liter- 
ature covered  by  NTIS  is  attributable  to  their  aggT       've  approach  to  gaining 
coverage  of  scientific  and  technical  reports  from  a  broad  range  of  Federal 
agencies . 


In  the  same  vein,  we  attempted  to  correlate  research  project  data  from  the 
Smlthsoni"  Science  Information  Exchange  (SSTE)  with  the  number  of  reports 
process  :  NTIS.  This  analysis  required  identifying  a  sample  of  new  re- 
search ^  ojects  announced  by  SSIE  and  .racking  their  titles,  contract  numbers, 
or  principal  investigator  names  through  announcement  by.  NTIS.  The  process 
proved  to  be  unsuccessful  due  to  our  inability  to  correctly  identify  the  re- 
ports in  NTIS.     This  study  is  described  in  detail  in  Appendix  VIII. 
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Table  3.31.     N'l'Misr'.r!  f^-  lTl■.:l:^  I'Rur.MSM'i)  UY  mls:  lyo^-ivcu 
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Forecnsts  of  NTTS  growU)  are  inndo  by  slmpJo  time  sorlos  analysis. 
The  forocast.s  from  197')  to  19Ri)  are  showt^  in  Fl^jure  3.27  bnsod  on  the  following 
ecjuat  ion : 

Y  -  1A,1   f  4.7X 

where : 

/\ 

Y  is  the  number  of  scirnt  i  f ic  and  technical  reports 

X      is  the  year  (0  «  1965,  1  =-  1966  .   .   .  ) 

It  Is  cautioned  that  much  of  the  past  growth  in  NTIS  has  been  due  to  expanded 
coverage,  and  that  this  trend  must  continue  if  the  forecasts  are  to  hold. 

The  number  of  copies  3old  by  NTIS  and  the  associated  revenues  are 
given  in  Table  3.32.     Past  experience  (68)  has  shown  that  a  large  proportion 
of  the  sales  of  a  report  occur  in  the  first  year  after  publication,  and  thus 
we  determined  the  average  number  of  copies  sold  per  report  by  dividing  total 
copies  sold  in  one  year  by  the  number  of  reports  processed  the  previous  year. 
The  relationship  between  that  was  shov;n  in  Figure  3.28  has  a  high  correlation 
and  is  used  as  a  basis  for  forecasting  total  copies.     The  relationship  is 
given  by: 

Y  -  -212.7  -H  53. IX 

where : 

/N 

Y  is  estimated  number  of  copies  sold  in  thousands 

X      is  the  number  of  reports  processed  in  thousands 
flagged  one  year). 

Thu  forecast  values  of  total  and  per  copy  sales  for  paper  copy  and 
microfiche  are  also  given  in  Table  3.32.     The  latter  two  values  are  plotted  in 
Figure  3.29  in  order  to  illustrate  the  contrast  between  these  two  forms  of 
distribution.     From  1^66  to  197A  microfiche  sales  have  increased  an  impressive 
463  percent  while  paper  copy  sales  have  increased  only  51  percent.  These 
trends  are  expected  to  continue,  with  microfiche  sales  i'  -reasing  about  36  perceot 
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Figure  3.27      NUMBER  OF  REPORTS  PROCESSED  BYNTIS:  1965-1980 
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Figure  3.28      NU>ffiER  OF  COPIES  OF  NTIS  REPORTS  SOLD  AS  A  FUNCTION  OF  REPORTS 

PROCESSED  (LAGGED  ONE  YEAR) 
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Number  of  Reports  Processed,  Lagged  Cne  Vear  (Thousands) 

-  OURCE:   Market  Facts*  Inc.  ,  Center  for  Ouan:i:at' ve  Sciences 

from  1975  to  1980  and  paper  copy  sales  increasing  about  31  percerit  during  the 
same  period.     It  is  pointed  out  that  NTIS  has  waged  a  strong  Gales  effort  over 
the  recent  years  and  that  they  have  emphasized  such  programs  as  selective  dis- 
semination of  microfiche.     These  efforts  have  contributed  substantially  to 
overall  sales  as  veil  as  to  sales  of  microform.     The  dip  in  sales  of  microform 
from  1973  to  197A  was  due  to  a  new  policy  by  the  Defense  Documentation  Center 
to  make  their  microfiche  (some  of  v;hich  are  available  from  NTIS)  available  on 
an  automatic  distribution  basis. 

The  average  price  of  paper  copy  and  microficlie  copies  is  also  found 
In  Table  3,32.  These  prices  are  calculatied  by  dividing  revenue  by  the  number 
of  copies  sold  for  each  form  of  distribution.     The  average  prices  are  for  all 
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Table  3.32    NUMBER  OF  COPIES  OF  SCIENTIFIC  AND  TECHNICAL  REPORTS  SOLD 
(PAPER  COPY  &  MICROFORiM)  AND  REVENUE  AT  NTIS:  1963-1980 
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Fijiui-o  3.29      jniMi'.KR  OF  PAi.'l.K  AND  M 1  Ci:0!'T(;!rr.  nOPlKf;  SOLD  AT    NTTS:  1966-1980 
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copies  sold  in  a  given  year,  and  reflect  both  prices  of  documents  announced 
that  year  and  also  previous  pricing  policies.        This  brings  the  average  price 
dovm.     Average  prices  for  paper  copy  and  microform  are  given  in  Figure  3,30 
with  projections  to  1980.     Current  dollar  price  increases  for  paper  copy  and 
microfiche  are  232  percent  and  97  percent,  respectively,  from  1966  to  1974, 
Constant  dollar  price  increases  were  123  percent  and  31  percent  Respectively . 
Certainly,  the  large  difference  in  price  changes  might  partially  contribute  to 
the  discrepancy  observed  in  paper  copy  and  microform  sales  over  the  years. 
Sensitivity  of  paper  copy  sales  to  prices  is  suggested  by  Figure  3,31.,  which 
shows  average  paper  copy  sales  per  report  plotted  against  the  average  price  of 
paper  copies.     Obviously,  price  is  not  the  only  factor  that  has  dampened  paper 
copy  sales  at  NTIS,  but  it  certainly  must  contribute. 

3.3.2  The  United  States  Government  Printing;  Office 

The  United  States  Government  Printing  Office  also  reproduces  and  dis- 
tributes government  sponsored  research  reports.     They  process  substantially 
fewer  of  the  e  reports  than  NTIS  but,  on  the  average,'  their  reports  have  wider 
distribution.     In  order  to  obtain  data  on  the  GPO,  we  drew  a  sample  of  approxi-- 
mately  40  scientific  and  technical  reports      from  the  Monthly  Catalog  (75)  for  ea 
year  from  1965  to  1974.     From  this  sample  we  noted  such  information  as  price, 
subject  field,  number  of  pages  and  number  of  copies  distributed.     This  informa- 
tion is  summarized  in  Table  3.33. 

The  first  column  in  Table  3.33  gives  the  total  number  of  reports 
announced  by  GPO  and  the  second  column  gives  our  estimate  of  the  number  of  those 
that  are  scientific  and  technical.     Of  the  S&T  reports*,  a  number  are  available 
at  NTIS,  and  the  remainder  are  reproduced  and  distributed  primarily  by  GPO. 
There  has  been  a  substantial  growth  in  scientific  and  technical  reports  repro- 
duced and  distributed  by  GPO  over  the  period  1965  to  1974,  as  illustrated  in 
Figure  3.32.     This  growth  is  forecast  to  continue  a.ccording  to  the  following 
equation: 


In  1974,  price  increases  began  to  be  applied  to  all  documents,  old  or  new. 

Only  reports  that  were  judged  to  be  written  by  scientists  or  engineers  for 
their  peers  were  included.     Reports  that  were  written  for  distribution  to 
the  general  public  were  not  included. 
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Fiyiin-  3.'Ui      PRlc:E  Oi:  PA?J:n  COW  AN:)  IH  C^:orTClU:  UiTOr^T^  AT   MIS:  1966-19C0 
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.11     kl'>;h!:u  or  v,\vEii  coi-  ii;s  pl'k  :;ti.s  iih'pow  i.r.u)  as  a  ru.\'CTiOi 
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Table  3.33    NUMBER  OF  COPIES  OF  SCIENTIFIC  i  TECHNICAL  REPORTS  SOLD 

AND  REVENUE  AT  GPO:  1965-1980 
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The  growth  from  1965  to  1974  was  161  percent,  or  an  average  of  11  percent  per 
year.    The  forecast  "'•c»-  2975  to  1980  sho^^s  an  additional  growth  of  24  percent. 
The  average  number  o*   copies  sold  per  report  also  increased  from  1965  to  1974 
by  an  estimated  36  percent,  or  about  3.4  percent  per  year.    A  growth  rate  of 
38  percent  is  forecast  for  1975  to  1980,  based  on  values  derived  from  the 
following  linear  equation  (see  Figure  3.33): 

Y^-  1433  +  40.  IX 


where: 


X      is  the  estimated  average  number  of  copies  sold 
X      is  the  year  (0  -  1965,  1  «  1966,  .  .  .) 

The  combination  of  an  increased  number  of  reports  and  increased  sales 
of  these  reports  yields  a  total  growth  rate  of  253  percent  for  the  number  of 
copies  of  scientific  and  technical  reports  distributed  from  1965  to  1974. 

The  estimated  average  price  per  copy  remained  relatively  constant 
until  1973  when  it  increased  substantially.     This  increase  is  reflected  in  both 
price  per  copy  and  price  per  page.     If  1973  and  1974  prices  represent  a  policy 
change,  then  our  forecasts  of  price  (based  on  an  average  constant  dollar  price 
of  $1.41)  may  be  low.     If  so,  then  our  estimates  of  revenue  may  be  low  as  v.  11, 
depending  on  the  impact  of  increased  price  on  demand.     There  is  limited  evidence 
that  the  increase  in  price  may  have  reduced  the  average  number  of  copies  sold 
but  this  evidence  is  not  strong.     The  overall  revenue  to  GPO  from  sales  of 
scientific  and  technical  reports  appears  to  have  increased   greatly,  over  500  per- 
cent between  1965  and  1974. 


3 •  ^  Growth  of  Other  Conimunicati on  Forms 

3.4.1         Published  Conference  Proceedings 


A  form  of  communication  that  is  particularly  important  in  science  and 
technology  is  the  conference,  and  an  important  form  of  book  publication  is  the 
proceedings  of  such  conferences.     Some  figures  on  the  growth  of  published  con- 
ference proceedings  in  science  and  technology  are  given  in  Table  3.34. 
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Tabif  \\.V\     laJMiMK  t)i'  rucusi;!/)  co>;i'i'nr:(:i^  Pi:{)CEi'DiK':'S  IN  scn:^ci-, 
Mv.Dj.ciN'i;,  L:\^(..uNr:r.irLNG  AKf)  'n-:c:i-.:x>i/jGY :    1965-3  9'/3 


.1965 

19'-.M      1907      ]9''«  19r.9 

1970 

1971 

1972 

 ]_973 

Volu-nes  oT 
Puhij.-.lied 
Proceed  uigs 

I7?6 

1762      19A8      2121  2272 

2367 

2419 

2287 

1579 

SOU KCE :     Tha  Direr. tor v f  Publics] r[  ProcoecMngs ,  In t; cr dok  Corporation, 
Harrison,  Kcw  York,  1965-197.3 . 


It  is  imporLant  to  recoj;iiizc  that  these  figures  are  not  accurate  indi-- 
cators  of  the  number  of  conference  proceedings  published  eacli  year  on  a  \;orld- 
wide  basis.     Rather,  they  represent  the  number  of  proccedingfj  published  for  con- 
ferences held  each  year  as  identified  by  the  staff  of  the  Directory  of  Ftiblished 
Proceedings  (42)        of  January,  1975.     The  publishers  are  continuing  t:o  identify 
additional  proceedings  for  various  years  of  this  period  so  that  figures  for  at 
least  the  later  yeai"s  (1971  to  1973)  are  undoubtedly  incomplete.     The  figures 
do  reveal  a  steady  increase  through  1971,  which  presumably  reflects  a  growth  in 
the  nun'l)er  of  conforencer.  held  i nternat-ionally  as  v;ell  as  in  the  number  of  pub- 
lished proceedings  available. 

Thc^sc  figures  mry  in  fact  be  son^ewliaL  low.     The  British  Index  of 
Conference  Proceedings  Rccc^'veJ  ivv'  I^I.T.  (62)  i*^  now  growing  at  the  rate  of  about 
7,000  jtcn?s  a  year   (co::innrrd  with  the  2,000  items  a  year  indicated  in  Table  3.34), 
but  this  publication  is  not  restricted  to  science  and  technology. 

3.4.2  Th e  Pi\t  01  \\_^  yjSSJ ^  ' 

The  ^-».rowL]i  ui    Liie  U.   S.  ]i;n(^nc  liternturo    in  llie  period  to  1980 

is  indirafA'd   \n  'yr^h^c  3.3"").     In  3974  the  nuin]>er  of  patent  application?:  \:os>  ?Jj 
perronl  grc;Wi  ^  tif.-ni   In  1^''0.     The  i)U;:bL-r  of  pcUcnts  injMisd  in  197^  \;nr, 
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approximately  60  percent  greater  than  the  number  issued  in  1960.    Thus^  the 
patent  literature  of  the  United  States  seems  now  to  be  growing  at  an  average 
annual  rate  of  approximately  3.4  percent*     Figures  3*34  and  3.35  show  our  pro- 
jections for  applications  filed  and  patents  issued  respectively,  based  on  the 
following  equations: 

Y  «  81.9  +  2*2X 
/s 

Y  is  the  estimated  number  of  patent  applications  filed 
X      is  the  year  (0  *  1960,  1  ^  1961,  .   .  .) 

"y  -  47.1  +  2-6X 

Y  is  the  estimated  number  of  patents  issued 
X      is  the  year  (0  »  1960,  1  -  1961,  .   .  .) 

Although  a  very  special  case,  the  patent  literature  is  particularly 
interesting  because  it  provides  the  only  instance  in  which  accurate  figures 
are  available  on  the  difference  between  composition  and  publication.     In  this 
special  case  there  is  no  evidence  of  a  widening  gap  between  composition  and 
publication.     In  the  time  period  covered  by  Table  3.35  the  ratio  of  patents 
issued  to  applications  filed  appears  to  have  improved  (i.e.,  increased)  some- 
what.    This  is  undoubtedly  due  to  efforts  on  the  part  of  the  U.  S.  Patent 
Office  to  speed  up  the  examining  process. 

3.4.3         The  Dissertation  Literature 

The  growth  of  the  dissertation  literature  is  reflected  in  data  pre- 
sented in  Table  3.36*     The  first  columns  show  the  number  of  doctoral  degrees 
awarded  in  the  U.  S.   from  1960  through  1980.     In  the  1960  to  1974  period,  the 
total  number  of  doctoral  degrees  more  than  tripled,  while  the  number  of  doc- 
toral degrees  awarded  in  science  and  technology  Increased  150  percent.  These 
growth  rates  dampened  consid;:rably  during  the  last  five  years. 

Also  presented  in  the  table  are  figures  for  the  number  of  disserta- 
tions listed  in  Dissertation  Abstracts  International  (44).  These  figures  are 
compiled  mainly  from  aniveryities  in  the  United  States  and  Canada,  with 
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where: 


where: 


Figure  3.35    NUMBER  OF  U.  S.  PATENT  APPLICATIONS  ISSUED:  1960-1980 


130  - 
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1960   62    64    66    68    70    72    74    76    ?8  80 

4 

Year 

SOURCE:  Table  3. 35. 


Table  3.:'*:.      MliMBIlR  0!'  U .  .S  .   I'ATI'NT  AVPl.lCXn{):S>  AKD 

PATENTS  i;s:;i)KO;     J 960-  lV7/i 


(Thousatuls) 


Year 

j  Appllc.'tclons 
Filed 

I CPU id 

1960   

1  84.5 

50.0 

1961  

81.2 

47.5 

85.3 

51. 3 

85.0 

54.3 

87.8 

4A.4 

1965   

100.4 

66.6 

93.5 

71.9 

1967   

93.0 

69.1 

98.7 

62.7 

1969   

107.1 

71.2 

109.4 

68.0 

1971  

111.1 

81.8 

105.3 

78.2 

1973   

109.6 

76.6 

108.0 

79.9 

PROJECTIONS 

1975   

115.6 

85.5, 

1976    j 

117.8 

88.0 

120.0 

90.6 

1978   

122.2 

93.2 

1979   

124.5 

95.7 

1980   

126.7 

98.3 

—  ?£i;ct:riT  chan'ce  - 

1960-65     .  .  . 

19 

33 

1965-70    .   .  . 

9 

2 

1970-75    .   .  . 

6 

26 

1975-30    .  .  - 

i 

10 

15 

* 

Market  Facts,  Inc.,  Center  for  Quantitntlvp 
Sciences 

S'  Buroau  of  C»-nt  i»f;,  IVIC,  gjrat  i 5 c-^  1 

Absc  r^ct  c  f  the  SpSt^ : ^cnt^s  j"  1'^^- 0  I 7 4  , 
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Table  3.3f)      NUMT^ICF?  (M-  DOCTOR.M.  DHCj^W'S  AVJAKIU::)  IN  THH  U.S.  AND 

NUMi';!'];  01'  ni.s:-ii:!Vi:\YJOi\s  avim-arikc;  tn  nvssj-iinjvijo^^^ 

AViSTRAC  !  S  Ti:  J1;1>In.VJ:K)NAL  :  1960-1930 


 Yrar  

Iclciitc  ft 
JjS}}-\lt9i^  

Nunbor  nL<;-.crt.K 
All  ri^ldii 

2 

ton;;  PuH  l^  h*^tl 

bcXcncc  £• 
T-?c!i;!olo3y 

1960  ,  . 

9,829 

3,802 

6,174 

3,387 

1961  ,  . 

10.575 

3,931 

7,291 

4,119 

196-:  ■  . 

11,622 

4,432 

7,642 

4,203 

1963  .  . 

12,822 

4,377 

8,757 

4,816 

1964  .  , 

14,490 

5,344 

11,549 

6,349 

1965  »  . 

l-,46? 

6,102 

15,693 

.8,865 

v;66  .  . 

18,237 

6,659 

16,928 

9,584 

1967  .  . 

20,617 

7  153 

20,401 

11,601 

1968  .  . 

23,089 

8,160 

21,775 

12,084 

1969  .  . 

26,188 

8.957 

26,218 

14,422 

1970  .  . 

29,866 

9,940 

29,572 

15,885 

1971  .  . 

32,107 

10,448 

31,611 

16,570 

1972  . 

33,330 

10,010 

31,575 

16,184 

1973  .  . 

34,100 

10,120 

30,678 

15,594 

197A  .  . 

33,700 

9,490 

  PROJECTIONS* 

31,961 

15,606 

1975  .  . 

34,900 

9,330 

33,155 

16,080 

1976  .  . 

36,900 

9,  920 

16,826 

1977  .  . 

39,?0C 

10,040 

17,240 

17,689 

1578  .  . 

40,100 

10,140 

3?,095 

17,905 

1979  .  . 

40,200 

10,170 

39,190 

17.758 

1960  .  . 

41,200 

10,430 

PERCENT  CKAN'O' 

39,140 

18,004 

^060-65 

68 

60 

154 

162 

1965-70 

ei 

63 

88 

79 

1970-.5 

17 

-6 

12 

1 

1975-80 

IS 

11 

18 

12 

*DisscrtatJon'^  ProjecL  Innr. :     M.irkcc  F.icts.  Inc.»  Center  for  Oiuintitative  Sciences- 

SOURCE:     ^Natljr.al  Center  for  WucAClcT.al  StaUsti.-.s.  nitr.?,  Troj^ctionsjpl 
FdurAtlonnl  St-- \i   Clc/;.  U^I'tcO ,  1971  edition.  arJ  yro  |  c-c  c  zons_ 


of 


^Dip-^'^rtatJoa  AK.tr. cc'  ^  r.  t_.-j- r  lo  ha  I ,  Xcrox-LV.iVCf  sicy  Mtcrof  lie, 
Ann  Arbor,  :ir<:h!-,>."i,"  ^  9' O-l'-'^  5  . 


cn-.ilJcii  ftH'  a  111'  'In^v  of  r(\ir;()!is.     Fir^L,   t.lir'Y  -n'^-  tH)L"  co:iti.» J c li: ,  cvoii  for  tlie 
Hoi  ttul  Slnf.i-:,  l)»^c\'»usc  iDir^;  Major  Uiil  Vf.M*sIl*i  c  .  do  not.  »*ujH)rL  Lhoir  d  i.GjJcrlallonrf 
to  flu*  nt:|)I  f  sht'i    nt  nl\   v/liilo  nllioj*:;  r^/porL  only  for  certain  cl'p.nrtn^.nt:;,     SuconJIy , 
tlu!  hi\i>::  foi;  t  he  i:lal:ist.  i  rr.  of  Table  3. 36  is  noL  coust.anL  bo(:ai)sr>  tfic  nuinbur  of 
uni  veil-,  i  ^ !  (?s  rcpoi-Lin^;  i.s  i  ocrcas  i  rvj  (fruri;  n]»ouL  I6(J  Ju  1965  to  about  310  in  1974). 
Fonallyj  \'']\CMi  i\  uni.vorsil'y  bc^lu^,  to  j'cporL  to  DAT  {hxy  r.iay  include-  earlier  dis- 
PcrLatior;:;  en  bl('C,     Also,   as  ono  c<iu  j'oe   in  (lio  Tabln^    tbo  n'.::!ibcr  of  Hclcnu:r!  and 
l.oc lnM.lo[;y  degrees  coiifevrrd,     Tb.ls  is  partly  duo  to  the  far.t  tlint  PAT  includes 
Canadiaii,  plus  a  few  forelp.n,  dJ '^i.sei't.U  i  O'u;  and  pnvtly  to  tbe  en  bloc  reporting 
mentioned  above.     It  is  also  possible  tliat  DAT  vr.ny  make  a  more  ].ibcral  interpre- 
tation oF  what  conr>titutes  science  and  technology. 


The  growtli  of  DAI  cannot,  then,  be  used  as  a  completely  accurate  Indi- 
cator of  tlie  growth  of  the  dissertation  literature.     The  data  of  Table  3-36  can, 
however,  be  regarded  as  a  reasonable  indicator  of  the  growth  of  the  dissertation 
literature  that  is  most  available  and  best  controlled.     For  the  scjou'ies,  this 
literature  has  grov/n  at  an  average  annual  rate  of  11,5  percent  a  year,  con- 
siderably greater  than  tlie  gro\.^Lh  rate  indicated  by  science  and  technology  degreec, 

3 .    .  4  The  Translation  Literature 

The  translation  literature  can  be  regarded  as,  in  a  sense,  secondary 
because  it  represents  not  primary  publication  but  tlie  appearance  of  primary  pub- 
lications'in  alternative  forms  (in  tliis  case  alternative  languages).     The  growth 
o'   the  translation  literature  is  important,  however,  because  it  is  one  indicator 
of  tl^e  extent  to  v?hich  formal  international  communication  occurs  (i.e.,  the  de- 
gree to  v.liich  published  information  is  exported  and  exploited  abroad).  Clearly, 
it  is  not:  tlic  only  indicator  of  activity  because  much  technical  literature  is 
imported/exported  and  used  in  its  original  language  form, 

Crov/th  rates  for  the  translation  literature  are  difficult  to  pin  dov;n. 
Table  3,37  gives  data  from  rwo  sonT.-ces  for  tlie  book  ]ii:erature.     The  UTJKSCO  data 
for  scii-ace  and  technology  indicale  finite  a  small  rate  of  grov;th,  worldwide,  for 
the  pei-iod  1905  -  1971.     Thes-  figure:-;  are  not  very  r^lialilo  partly  ]H-.:ause  of 
tlic  sliort  Lime  spnn.     They  indicate  ni»  avera:;c  annual   increa-.o  of  only  a  li'.tle 
under  tuo  percent.     I'y  coirparison,    the   iraiiiJalion  oi    sr  i     !  f  f  i technical 
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Table  3.37       NUMBER  OF  BOOK  TRANSLATIONS  AND  SIZE  OF  THE 
COLLECTION  OF  THE  NATIONAL  TR.\NSLATION  CEN- 
TER, JOHN  CRERAR  LIBRARY:  1960-1974 


Book  Translations 

Tear 

Nac' 1. 

Cantor 

Trans  la t  ion 
Collection^ 
\u\Ju) 

2 

Worldwide 

Worldwide 
(S&T)2 

From  2 
Eng lish 

From  Ei'g-^ 
lish  i,b6 i  1 

Into  - 
cngiisn 

1  Qiin 

1^61  •  • 

OA  f\ 
OH  •  U 

1962  •  • 

1963  .  . 

96.0 

- 

- 

- 

- 

1964  .  . 

• 

102.0 

- 

- 

— 

1,876 

1965  .  . 

• 

107.6 

36,072 

5, 561 

13 , 330 

. ,  ooo 

1966  •  . 

119 . 4 

39i 620 

C  ,  u^x 

X  1  OO  / 

1967  •  . 

1  OO  1 
IZO  .  1 

39,438 

5,387 

15,279 

2,173 

1,225 

1968  .  . 

- 

134.9 

36,817 

5,389 

13,698 

2,125 

1,253 

1969  .  . 

142.0 

38,152 

5,938 

14,344 

2,533 

1,084 

1970  .  . 

156.8 

40,039 

5,934 

16,471 

2,664 

1,232 

1971  .  . 

175.0 

42,985 

6,157 

17,164 

2,725 

1,126 

1972  .  . 

193.8 

1,093 

1973  .  . 

205.6 

1,428 

197A  .  . 

216.2 

1.611 

1960-65 

38 

  PERCENT 

69 

1965-70 

46 

U 

7 

24 

43 

30 

1970-74 

38 

31 

SOURCE: 

1 

Nacional 

Translation 

Center,  John 

Crerar  library 

,  Chicago, 

Illinois  (1^0 

-1964 

average  estimates) . 

2 

United  N^itions  EJuc'^rion,  Scientific,   and  Cu I Cir^i I  Organization,  S t n t i a 1 1  I 
Yearbook,  1966--1972- 

3 

The  Bovkc r^Annu.i I  of  Library  '^nd  BcoV>.  jrj;a/^^Jjif^  ion .  R .  R .  Bowke r  Company , 
i965-Y973. 

0  r: 

1  ^> 

196. 


books  from  English  to  other  languages  appears  to  be  increasing  at  a  much 
faster  pace.     If  the  UNESCO  figures  can  be  regarded  as  reasonably  reliable, 
these  translations  from  English  increased  about  46  percent  from  1965  to  1971. 


Another  set  of  figures  appearing  in  Table  3.37  represents  the  growth 
of  the  National  Translations  Center.     For  several  reasons,   these  figures  are 
not  an  accurate  indicator  of  the  extent  of  translation  of  foreign  science  and 
technology  into  English.     First,   the  collections  of  the  Center  are  not  complete 
and  the  growth  rate  is  at  least  partly  dependent  on  the  level  at  which  the 
Center  is  funded.     Second,   the  Center  is  not  devoted  exclusively  to  scienc^t  and 
technology,  although  the  great  bulk  of  the  collection  does  fall  in  this  area. 
Thirdly,   the  figures  of  Table  3.37  do  not  necessarily  accurately  reflect  the 
amount  translated  year  by  year  since,  in  any  particular  year,  the  Center  may 
add  to  Its  collections  material  translated  in  previous  years  (s.g.,  by  acquisi- 
tion  of  a  special  collection).     Nevertheless,  at  a  minimum,  we  can  say  that  the 
data  in  Table  3.37  represents  the  growth  of  the  body  cf  foreign  technical  liter- 
ature,  translated  into  English  that  is  most  accessible  and  best  controlled.  We 
can,  then,  draw  the  conclusion  that  the  foreign  technical  literature  most 
accessible  in  translation  in  the  United  States  has  been  growing  at  an  average 
annual  rate  of  about  7.6  percent  per  year  over  the  period  1960  -  197A. 

Another  figure  that,  on  the  surface,  should  be  interesting  is  the 
number  of  items  translated  annually  through  the  Joint  Publications  Research 
Service  (JPRS) .     The  JPRS  series  represents  U.  S.   translations  from  periodical 
and  nonperiodical  publications,  mostly  from  China,   the  Soviet  Union  and  other 
nations  of  the  Communist  bloc.     These  statistics  are  widely  variant  from  year 
to  year  and  present  no  evidence  of  any  pattern  of  growth. 

3.4.5  Other  Indicators  of  Publication  Growth 


There  is  one  other     indicator  of  publication  growth  that  is  of  some 
interest:     the  number  of  items  copyrighted  annually  in  the  United  States. 
These  data  are  presented  in  Table  3.38  for  the  period  1960  -  1975.     In  this 
fifteen  year  period  the  number  of  items  for  which  a  copyright  was  registered 
by  the  Library  of  Congress  increased  about  65  percent.     If  only  books,  pam- 
phlets and  leaflets  are  considered,  the  growth  rate  from  1960  registrations 
to  1975  registrations  was  86  percent  or  about  4.2  percent  a  year,  which  is 
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(Tliouiiondr.) 


 Year 

1960  . 

1961  . 

1962  . 

1963  . 

1964  . 

1965  . 

1966  . 

1967  . 

1968  . 

1969  . 

1970  . 

1971  . 

1972  . 

1973  . 

1974  . 

1975  . 


1960-65 
1965-70 
1970-75 


SOUKCE: 


Jioolco,  l-'.-..!n,ili.U'l  s , 
 l'5:^}LlL'lt'fi  

60.0 

62.4 

66.5 

68.4 

71.7 

76.1 

77.3 

80.9 

85.1 

83.6 

88.4 

96.1 
103.2 
104.5 
104.8 
111.9 

  PERCENT  CHANGE 

27 
16 
26 


Per  J  Oil  i  cai 

64.2 
66.2 
67.5 
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very  close  to  the  figures  given  earlier  for  the  rate  of  increase  in  book  pub- 
lications.    It  is  important  to  recognize  that  the  totals  given  in  the  table 
ire  not  restricted  to  science  and  technology,  and  in  fact,  include  maps,  sound 
recordings  and  other  types  of  material.    The  periodical  registrations  grew  44 
percent,  an  average  of  2.4  percent  per  year. 

3 . 5  The  Cost  of  Composition  and  Recording  of  Information 

There  is  little  information  in  the  literature  concerning  the  pro- 
cesses involved  in  composition  and  recording  of  information.     Therefore,  we 
relied  heavily  on  a  study  performed  in  1973  by  Westat,  Inc.   (14),  for  the 
National  Science  Foundation  that  provides  some  Information  concerning  these 
functions  for  the  journal  literature.     This  study  provides  some  evidence  con- 
cerning the  activities  involved  in  preparing  journal  articles,   the  labor  re- 
quired in  these  activities,  and  hence,   the  costs  involved.     The  composition 
and  recording  functions  are  extremely  important  to  the  journal  system  since 
quality  of  articles  Is  largely  established  in  these  functions.  Furthermore, 
as  shown  below,   the  costs  involved  in  these  processes  are  large  and  likely  to 
exceed  the  costs  involved  in  reproduction  and  initial  distribution  of  articles. 

DeSolla  Price   (123)  has  characterized   authors  of  journal  articles  in 
an  interesting  fashion.     He  claims  that  about  one-half  of  the  total  output  of 
papers  is  generated  by  a  small  elite  of  highly  productive  authors.     For  example, 
he  states,  abjut  one-half  of  the  articles  is  produced  by  only  one  percent  of 
the  scientists.     The  Westat  study  of  life  sciences  indicates  that  ninety  percent 
of  the  authors  held  doctorate  degrees  and  about  one-third  of  the  respondents 
had  not  published  in  the  past  two  years.     Both  studies  suggest  that  authors  rend 
to  be  the  more  experienced  scientists. 

The  composition  and  recording  functions  involve  those  activities  per- 
formed by  authors  and  their  suppvort  staff,  reviewers  and  editors.     The  study 
referenced  about  j  rovided  estimates  of  the  time  spent  by  269  authors  in  the 
life  sciences.     We  assume  that  this  amount  of  time  is  reasonably  consistent 
among  authors  from  other  fields  of  science  and  over  time.     The  principal  author 
activities  are  given  in  Table  3.39  along  with  the  time  devoted  to  preparation 
of  initial  manuscripts  and  to  subsequent  revisions. 
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Now,  in  order  to  cstabllsli  for  the  costs  of  composition  and  record- 
ings, wc  treated  the  previous  results  for  authors  and  reviewers  as  though  they 
applied  to  journal  articles  in  all  fields.     Thus,  we  multiplied  our  time  esti- 
mates by  average  salaries  (witli  50  percent  overhead  applied)  for  scientists/ 
engineers  and  support  personnel.     Results  are  given  In  Table  3.A1,     It  is  noted 
that  the  total  estimated  cost  of  composition  and  recording  for  scholarly  scien- 
tific and  technical  journals  was  $285  mil]. ton  in  1975.     If  the  same  costs  hold 
for  all  scientific  and  technical  Journals,  this  total  is  approximately  $1.A00 
billion  in  1975.     These  numbers  are  expected  to  reach  ^'^28  million  and  $2,512 
billion  respectively  by  1980.     As  will  be  sho\m  later,   the  relative  costs  of 
composition  and  recording  are  appreciable  in  view  of  tlie  entire  cost  of  journal 
publication. 

The  average  costs  per  article  incurred  in  composition  and  recording 
appear  to  have  more  than  doubled  from  1960  and  1980,     The  constant  dollar  costs 
have  also  gone  up  by  22  percent  in  the  1960  to  1975  period  and  are  expected  to 
increase  about  28  percent  to  1980.     The  growth  of   total  costs  is  even  more 
remarkable  since  it  reflects  growth  in  the  literature  as  well  as  increased 
salaries.     Total  costs  are  estimated  to  have  tripled  from  1960  to  1975  for 
scholarly  journals  and  gone  up  by  a  factor  of  eight  for  all  journal  articles, 
and  should  increase  by  372  percent  from  1960  to  1980.     It  is  possible  that  these 
costs  may  have  as  much,  if  not  more,  impact  on  the  quality  and  extent  of  journal 
publishing  as  the  rising  costs  of  reproduction  and  distribution  that  we  are  more 
familiar  with. 

We  have  no  comparable  data  for  estimating  composition  and  recording 
costs  associated  with  preparing  books,  scientific  and  technical  reports,  dis- 
sertations and  patents.     However,  if  one  makes  some  very  gross  assumptions  con- 
cerning these  functions,  we  can  obtain  some  rough  estimates  of  these  costs  as  a 
function  of  the  number  of  items  prepared  and  the  salaries  of  scientists  and 
engineers  and  their  support  staffs  over  the  years.     Our   estimates  for  each 
type  of  material  are  presented  In  Table  3.42. 

Based  on  these  gross  estimates,  we  calculated  the  order  of  magnitude 
of  composition  and  recording  costs  for  the  scientific  and  technical  literature 
from  1960  to  19-80.     Our  results  are  given  in  Table  3. A3.     From  1960  to  197A, 


202 


Table 
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Table  3.42:       ESTIMATES  OF  TIME  SPENT  ON  COMPOSITION  AND  RECORDING  BY 

SCIENTISTS  AND  SUPPORT  STAFF 


LiXu cLu UL c  r  u  Lin 

Estimated  Time 

Spent  (Hours) 

Scientists 

Support  Staff 

Journal  Article 

102.8 

47 .5 

Book 

480.0 

240.0 

Technical  Report 

120.0 

80.0 

Dissertation 

320.0 

120.0 

Patent 

160.0 

80.0 

SOURCE:     Market  Facts,  Inc.,  Center  for  Quantitative  Sciences 


total  composition  and  recording  costs  increased  447  percent,  reflecting  in- 
creases of  520  percent  for  journal  articles,  736  percent  for  books,  558  per- 
cent for  technical  reports  (1965  -  1974),  820  percent  for  dissertations,  and 
156  percent  for  patents.     Again,  the  reasons  Vuese  costs  have  gone  up  so  much 
and  will  continue  to  do  so  is  that  they  reflect  both  increases  in  number  of 
items  produced  and  a  significant  increase  in  salaries. 

3.6  The  Cost  of  Reproduction  and  Distribution  of  Information 

Again,  good  data  are  not  available  on  nhe  cost  of  reproduction  and 
distribution  of  scientific  and  technical  literature.     Until  such  information 
is  made  available  by  publishers,  we  imirt  use  the  limited  evidence  there  is. 
The  best  information  is  for  journal  a-'.'.clo3,  and  we  will  discuss  this  at 
length  below. 

3.6.1  Cost  of  Reproduction  and  Distribution  of  Scientific  p-ud 

Technical  Journals 

In  order  to  identify  the  costs  associated  with  the  publication  of 
scientific  and  technical  journ,:is,  an  economic  cost  model  x^7as  utilized.  This 
model  was  previously  doveln        for  use  in  a  feasibility  study  of  editorial 
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Table  3.43    ESTMTED  TOTAL  COST  OF  COMPOSITION  AKD  RECORDING  OF  SCIEni'IC  & 

TECHNICAL  JOURNAL  ARTICLES,  BOOKS,  REPORTS, 
DISSERTATIONS  AND  PATENTS:  1960-1980 
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processing  centers  (l4),  and  was  modified  by  us  to  allow  the  determination  of 
cost  trends  over  time. 

The  model  is  based  on  the  identification,  in  great  detail,  of  the 
various  components  of  the  journal  publication  process.     Functions  considered 
in  going  from  an  outline  preparation  of  a  manuscript  through  distribution  of 
a  published  article  include  authorship,  editing,   technical  review,  printing 
and  distribution,  and  business  management.     These  functions  can  be  further  broke 
down  into  a  number  of  subf unctions , 

Each  of  the  activities  involved  in  journal  publication  has  a  cost 
associated  with  it,  made  up  of  components  such  as  labor equipment  and  supply 
costs.     For  example,  one  activity  involved  in  the  journal  publication  process 
would  be  the  typesetting  of  a  manuscript  for  galley  proofs.     The  cost  of  this 
operation  would  be  based  on  such  factors  as  the  size  of  the  manuscript,  the 
method  of  typesetting,  wage  and  equipment  costs,  and  a  number  of  overhead 
figures.     Combining  these  appropriately,  the  total  cost  for  typesetting  can 
be  determined.     Similarly,  following  the  flow  of  manuscripts  through  the  publi- 
cation process,  costs  for  each  activity  can  be  developed  and  combined  into 
total  costSz 

Parameters  used  in  the  original  cost  model  to  describe  the  journal 
publication  process  can  be  considered  in  the  following  categories: 

1,  Journal  characteristics  —  e,g,,  frequency,  size, 
number  of  pages,  articles,  illustrations,  formulas, 
etc, 

2,  Cost  factors  —  e,g,,  wages,  equipment',  purchased 
services ,  overhead , 

3,  Process  factors  —  description  of  manuscript  flow  through 
the  system,  unit  processing  times , 

Values  of  these  parameters  were  identified  through  a  number  of  sources,  in- 
cluding a  baseline  survey  of  journal  publishing  practices  in  the  life  sciences 
wage  data  from  the  Bureau  of  Labor  Statistics,  and  diiscussions  with  a  variety 
of  publishers,  printers,  equipment  manufacturers,  and  suppliers.     In  general 
the  figures  assembled  related  to  1972  -  1973  practices  in  the  publication  of 
life  science  journals, 
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Ot»r  modif Iratiou        the  model  retained  the  processing  parameters 
discussed  above  but  adjusted  journal  and  cost  characteristics  as  appropriate 
to  each  of  the  years  of  publication  and  fields  of  science.     For  the  most  part, 
jourujl  .-.haracte  is  tics  were  based  on  our  tracking  survey  results  and  cost 
figures  were  cor.-piled  from  available  data.     Projections  were  derived  from 
availi?ble  data  or  from  trends  observed  in  the  1960  -  1974  period.     Table  3. 44 
lists  the  parameters  redefined  for  this  study,  along  with  our  source  of  data 
for  each. 

With  the  parameters  redefined  for  our  purposes,  we  were  able  to  run 
the  computerized  cost  model  to  obtain  journal  publication  costs  for  the  even 
years  from  1962  -  1980  for  the  following: 

1-9.     The  ''average**  small  journal  in  each  of  the 
nine  NSF  fields  of  science. 

10.      The  "average**  large  journal. 

The  distinction  between  large  and  small  journals  was  made  on  the  basis 
of  article    pages  published  per  year,  with  a  small  journal  defined  as  less  than 
1,500  pages.     ** Average**  refers  to  average  values  compiled  individually  for  each 
of  the  relevant  journal  characteristics. 

Output  from  the  model  for  each  run  inrludf-:d  annual  publication  costs, 
broken  down  into  editing,  typesetting  and  printing  and  distribution  costs. 
These  results  are  presented  later  in  the  section,  following  discussions  of  the 
major  journal  characteristics  and  cost  factors  utilized. 

3.6.1.1      Number  of  Articles  Per  Journal,  Pages  Per  Article,  Characters 
Per  Page  and  Kiloword  Pages  Per  Year 

This  section  gives  data  on  the  size  of  journals  in  the  nine  fields 
of  f-rience  as  defined  by  articles  per  journal,  pages  per  article,  characters 
per  page  and  kiloword  pages  (lOOO-word  pages).     The  data  were  derived  from  ob- 
servations of  tlic  scliolarly  journals  sampled  from  each  field.     These  journals 
and  tht'.ir  articles  wcro  observed  during  the  even  years  of  publication  (1962, 
1964,   .    .   .)  and  estimntcs  for  tlie  odd  years  were  found  by  linear  interpolation. 
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Table  3.^)4      REDliFIiMnO  COST  MODEL  PAR.M-IKTERS 


Par.inncor 


Model 


So^irco  of  Data 


Average^ 
Values 
19  r:  2  1980 


Joiirn.^I       <rj.-:r.> rise  ICS 

Isaues  per  year 

Average  nuir.ber  of  arclclea  per 
Journal  lasue 

Average  number  of  sv.bscripc lon3 
pec  journal 

Average  ntmibor  of  coplej  printed 
per  Journal  Issue 

Averatjc  n';Tt.*r  of  reprints 
ocdftr-^l  by.  atJtUoc  per  nanu- 
acrlpt 

Percent  of  tcrol.v.i  subserihnrs 
Avera"/;  p;>0o  ch anises  per 

Averi^j«  fiiMuber  of  characters 
per  published  pa^e 

Perceir.  oc  Jounal  'levocod  to 
oiao'ijcfi pc ^  only 

:iuaib-:r  of  cables  per  .v/ncr.^c 
arc lile 

Sunbjr  or  hTlftonvi  ^--r  ^iv^rnj^. 
arc  to 

Nunbcr  of  U:in  dr.".'- per 
avciM  ircl.>:U 

:lunb.»i-  of  rz-iz\\  furr  vil.i  or 
oh»^r.L;>l  ay  i'.^ol  La"<ri'Ci  per 
aver >irf. Icl.o 

Avcrj.7,o  Mil     ?r  i  oJ: 

adv..rci  ♦f  i-.^,  ;)«.-r  jcirr \I   l  :  fuu 

Av r  .  ; »^  "  I 0  of  i     t o  *  '.*  f  '  j - ■ ' 


..vera.,- 


Z2l       Journal  Tracking  Sur/oy 

Z22       Journ.i:  Tracking  Surx-ey 

Z23       PublLsh^r's  Survey^,  Fry 
Study"*,  other  sources 

Z2;       Publisher's  Sur-zey,  Fry 
Study,  other  sources 

Z27       Author's  Sur/cy^ 


Z34 

R35 

Z12 
233 

z:.o 

Zh\ 
7AZ 
7.A3 


Publisher's  Survey 
AuthOi.''d  Survey 

Journal  Traotcing  Survey 

Jourr.Jil  Trac!cln2  Sur/ey 

Jo'.:rr..il  Tracking  Sur/ey 

Jourml  Tr.icklii'i  Surrey 

.Jourral  TricklnT  Sur,-3y 

Journal  Tracking  i^urvey 


■I..  ^  I    '.I  •. :  r 


;,.\r:i  Tr 


7jtU  .i.y.i-r.ii  Tracklns  Sur.-'^y 

Z^iO  '"urn-il  Trac'ctnv;  Survey 

Z'.6  ;ri.'l  Trarkin:;  Surv.»y 

1\H  ,;.  ':i-naL  T^-.trVln-;  ^lurvey 

:'.')  J  ay. VI I  Tci'-.kti;-;  ."ur\ay 


5.9 
11.9 
5.591 
6,212 

124 

.10 
$^.50 

3,37b 

.63 

1.2 

1.4 

2.2 

3.6 

1.5 

.  10 
.21 

.:5 

.03 


6.7 
11.8 
8,566 
9,518 

204 

.10 

321,00 

4,196 
.65 
1.1 
1.1 
2.0 
4.6 

1.5 

.09 
.39 
.26 
.27 

.08 


1  ,r  t,       .  .  S.sl.'.ry  of  c-:- 
r.*,;:;.   il  in  a  >*':'v.>polf C-ui 
» r  1-* .'. 


(•  ;-.v.r.  .  /  •  ii.»P''.: 
,.  it  ,   I  t  •t:^l•;- 
r .    •  ,  \  -.A  I .  a:.(i 


:5.2l 
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Tnblc  3././,   (ror.t.)      UrDIir  1  isl.;)  COST  i.'O.'U'L  PAI;AMl.ri- 1'!" 


Hourly  raCnr  or  u.**ii.^^i»i>:/i.ubjfct 


Yearly  s;ii><'.nd  for  socleC/  s^jb- 
ject  edicoc 


Hourly  rsce  of  aurhcT 
Hourly  rato.  of  rcvtewcr 


CharSi^e  for  full  pj"o  of  ad- 
ver  Ci.i  in2 


Prlc»i  Co  have  one  halftone 
graphic  preparcu 


Price  Co  have  oa^  line  drawinc 
graphic  prepared 


Price  to  have  one  p^^o  of 
cheniral  or  runth  synlols 


Price  CO  have  one  pigo  of  bnslc 
texC  prepared 


Price  to  have  or.o  pa^e  of  sub- 
sidiary text  prepared 


Price  to  have  one  pJgo  of 
Cib-lar  oaCtjri.il  prepared 


Price  Co  have  ouc  i'^i^e  of 
blAiik  text  prepar'jd 


Printing  costs-setups  pec  iss 


Print  infi  coaCs-b:    li^-Z  '"^nJ  rov..rn 
per  co;'y 


PrinCiriK  co<; C ;•- p  1  a e.;  add 
CO  n '»c:L  t       per  ['  ^c^' 


R3 


?,10 


Rll 


R70 


R13A 


R151 
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R155 


R156 


R157 


jusLtvl  i»j  s;i;»jc."i-  edi- 
tor's l^-ipC:".''. 

juslcd        pcrcc'.'^  Jtjo 
cha»-.i}c  'n  prof o.- ■  i"na  1 , 
admin  5  -j r  t  3 1 i vi. ,  l^iz l;n  i - 
cal  and  cleric. r»^y 
(BLS) 


Ociginil  T-.OGCl  U.1.M 

justf.d  as  Op.lMy 
PhD  scientlsC 


id- 


Salary  of  PhD  3ci>;-.;t:st 
(various  IISF  so'irccs) 

Salary  of  PhD  sciencist 
(various  NSF  sources) 

Ori'^inil  model  dita  ad- 
justed by  gtr.jril  pub- 
lication indox 

Origiiii:!  aodfcl  JaCa  ad- 
Justed  by  £ent;r?l  pub- 
lication ince>: 

Orijjinal  ^lodel  daCa  ad- 
justed by  ger.riral  pub- 
lication index 

0rigin:4l  r.odel  cii.,:  ad- 
justed by  £cn^:r3l  puh- 
licacion  index 

Orisinal  r.odel  daz->  dd- 
Jurtc'd  by  general  pub- 
licaCion  index 

OrigiP.al  nodel  daCa  ad- 
JusCfd  by  general  pub-' 
licadon  Indtsx 

Crigtn-il  DO*!el  d.iCa  ad- 
justed by  ger.eraj  pub- 
lication index 
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ad- 
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so»jrcr»s)  adju  ,CPd  h>' 
genernl  poblication 
index 

Labor  a:id  e':;u'.pr.Mit  costs 
Cvaric'ita  scurr^s)  nd- 
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lication index 


$27?  $775 
$4,93  Sl2,:b 

$650  S1,P50 

$5.30  $15. 2i 

$5.50  $15.24 
S106  $268 

$3.50  $9.00 

$2, CO  $4.50 

$33.50  $3^.00 

$13.50  $33.50 

$17.00  $43.00 

$20.00  $50,50 

S3. 50  S9.00 

$17.00  $43.00 

$.Ofj  S.ISS 

S2.:0  $5.55 
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lA 


Cose  F.ircor  >  (ronc'd) 
Printing  coscs-per  lfnpr  ?3J  ;.on 


Reprint  co.^cs-^ecupa 


Reprint  coscs-pcr  copy  charge 
from  printer 


Reprint  changijs  per  copy  by 


Postage  00 St -one  letter 

Poacag^  ooiC-l'itter 
plus  sija-jsrrlpcs 

Postagis  co:;t- Letter  plus  two 
manuscrlfii 

?03Ca»5»*  cost  J  por  poi^nrl-Junirn^i  I 
cooy  allied  to  U.S,  sub- 
scriber 

?o9t.^4e  co-'.CT-joarn.il  <:o?y 

luiilod  to  fofet^u  ^ub.jc  rib-jcs 

Xenral  *:ost  of  otficc  p»rc  ^q»iaro 
coot 


R36A 

CLM 
CL2:i 


\^crr  d'quipr,.:nt  ^r.d  supply  5.C017 
c:rdt3  (varloud  sourc^i) 
adjusted  by  g*.nera]  publi- 
cation Index 


Criminal  nodel  ^^aca  ad- 
j  uaccd 

Criminal  model  data  ad- 
Justed  by  general  pub- 
lication Index 
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Justed"  by  general  pub- 
lication Index 

V . S .  Postal  Service 

v. 3.  Postal  jdrvlcc 

'J. 3,  Postal  icrvlce 

■;,S.  Postal  b*drvlce- 
$'jc:r.J  cla^s  rates 

V,S,  Postal  S.^cvlcc 


:u3t*il  by  ccr*..-;i:i:dr 
pric«!  tnd-:'.*.  cjr  per- 
son::! rent 


$7.39 
$.073 

3.03 

$.055 
S.22 


5.0030 

$19.86 
$.043 

$.14 

$.215 
S.76 


S.*4  $1.49 

3.015  $.063 

5.15  S.63 

$1.32  35.97 


lA 
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The  estimates  given  in  this  section  were  all  based  on  three-year  moving  averages. 
Details  of  the  procedures  employed  in  deriving  these  estimates  are  given  in 
Appendix  I, 

The  number  of  articles  per  journal  per  year  is  shown  ''or  the  nine  fields 
of  science  in  Table  3,12  and  Figure  3.10,     Each  of  the  graphs  in  Figure  3,10  also 
provides  the  overall  journal  estimates  as  a  basis  for  comparison,     '.  ere  are 
substantial  differences  among  the  fields  with  regard  to  the  magnitude  of  the 
average  number  of  articles  per  journal  and  the  trend  of  this  number  over  time. 
For  example,  Social  Sciences  and  Computer  Sciences  have  a  low  average  number  of 
articles  per  journal  when  compared  to  the  overall  average,  while  Physical  Sciences 
and  Life  Sciences  have  a  relatively  high  average  number.     The  trends  over  time 
are  more  pronounced  in  Environmental  Sciences,  Engineering  and  Other  Sciences. 

The  estimated  average  number  of  pages  per  article  is  shown  for  the 
nine  fields  of  science  in  Figure  3,36,  again  with  overall  journal  estimates 
for  comparison.     The  overall  trend  of  number  of  pages  per  article  is  fairly  con- 
stant over  time.     The  Environmental  Sciences  journals  seem  to  have  a  decreasing 
number  of  pages  while  the  Physical  Sciences  journals  appear  to  be  increasing  in 
number  of  pages  per  article  over  time.     The  Social  Sciences  journals  apparently 
have  substaiK  Lally  longer  articles  than  journals  from  other  fields  of  sciences. 
In  order  to  determine  the  number  of  keystrokes  necessary  to  compose  a  page,  we 
estimate  the  average  number  of  characters  per  page.     We  did  not  count  the  number 
of  words  in  the  sampled  journals,  but  assumed  that  there  are  about  6.0  charac- 
ters per  word,  and  from  this  derived  number  of  kiloword  pages  and  kiloword 
pages  per  journal.     Estimates  for  each  of  the     fields  of  science  are  given  in 
Table  3.45  and  Figure  3.38.     Kiloword  pages  per  journal  differ  substantially  by 
field  of  science,  with  the  number  low  for  journals  in  Social  Sciences  and  rela- 
tively high  for  the  Physical  Sciences.     The  most  dramatic  trend  over  time 
appears  to  be  for  journals  in  Environmental  Sciences  and  Other  Sciences. 

In  the  SATCOM  report  the  number  kiloword  pages  per  year  for  their 
sample  of  chemistry  and  physics  journals  appears   to  be  higher  tlian  our  result. 
Out  of  23  journal^;,  average  number  of  kiloword  pages  ranges  to  over  10,000 
kiliv.ord  pages  with  the  preponderance   HS^  under  4,000  kiloword  pages.  Their 
nine  mathematics  and  six  electrical   engineering  journals,  on  the  other  hand, 
seem  to  coincide  closely  with  the  ro-;v.Us  given  in  Table  3.45, 
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Figure    \36      AVERAGE  NWfBER  OV  PAGES  PER  ARTICLE  BY  FIELD  0^^  SCIENCE:  1962^1974 
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Th     factors  that  have  the  greatest  impact  on  reproduction  costs  are 
wages,  rent,  r         ^'^nt,     aper  and  postage.     It  is  emphasized  that  there  are 
other  factor  Iso  affect  cost,  but  the  discussion  of  these  will  illustrate 

why  the  cost  eduction  is  increasing  so  rapidly. 

The  wages  for  secretaries;  text  editors,  proofreaders  and  copy  edi- 
tors; managing  editors;  Ph.D.   scientists;  and  union  printers  are  given  in 
Table  3.46.     The  data  are  also  illustrated  in  Figure  3.39. 

The  current  dollar  wage  rates  increase  for  all  personnel  categories. 
The  constant  dollar  wage  rates  for  secretaries  and  text  editors  have  remained 
about  the  same.     This  makes  some  sense,  since  there  is  a  fair  amount  of  turn- 
over in  these  areas.     The  total  number  of  hours  contributed  b:    these  persons 
is  not  too  great.     In  the  other  areas,  where  the  number  of  hours  is  more,  the 
constant  dollar  wages  have  gone  up.     For  exainple,  managing  editor  constant: 
dollar  wages  have  gone  up  from  about  $5.50  in  1962  to  about  $6.25  in  i97A  which 
is  about  a  14  percent  increase.     Their  hourly  wages  should  remain  fairly  con- 
stant until  1980.     Constant  dollar  wages  of  the  Ph.D.  scientists  have  increased 
from  a  little  over  $6.00  in  1962  to  about  $7.50  in  1974,  which  represents  about 
a  25  percent  increase.     Their  hourly  wages  should  also  remain  about  the  sane 
in  constant  dollars  through  1980.     Another  increase  is  for  union  printers. 
Their  constant  dollar  wages  have  increased  from  about  $4.00  in  1962  to  $4.60 
in  1974,  which  is  about  a  15  percent  increase,  and  their  hourly  wages  should 
continue  to  increase  to  about  $4.91  in  1980  which  is  about  another  7  percent 
increase. 

As  shown  in  Table  3.4"^,   the  average  office  rental  has  not  gone  up 
nearly  as  fast  as  wages  and  soii^e  of  the  other  cost  factors.     The  average  rental 
in  df  liars  per  square  foot  by  current  dollars  and  constant  dollars  is  given  in 
Figure  3.40.     The  constant  dollar  values  have  actually  decreased  rather  substan- 
tially from  I960  to  1974  and  should  continue  to  do  so. 

Equipment  and  typesetting  costs  in  current  and  constant  dollars  are 
shown  in  Table  3.48  and  Figure  3.41.     The  Wholesale  Price  Index  for  machinery 


r 'if.    AVER/\GH  HOURLY  WAGE  RATES  FOR  PERSONNEL  ENGAGED  IN  JOURNAL  RE?R0DUCT10\':  I^'^Q-I'ImI 


(Current  and  Constnnt  Dollars) 


I960 

1962 

1964 

""1956 

'  1*908 

""l970" 

1974 

197') 

197S 

i 

i 

Current  $  i 

2.20 

2.32 

2.45 

2.57 

2.81 

3.15 

3.57 

3.98 

4.35 

4.76 

5.21 

Constant  $  | 

2.50 

2.58 

2.65 

2.65 

2.70 

2.74 

2.87 

2.75 

2.55 

l.kl 

:.39 

T.5xt  Editor/  i 
r^c-if/Coir  ; 

1 

Current  ^  1 

2.80 

2.97 

3.18 

3.41 

3.75 

4.21 

4.74 

5.32 

5.86 

6.46 

7.12 

3.19 

3.30 

3.44 

3.52 

3.61 

3.66 

3.81 

3.68 

3.47 

3.36 

3.27 

Xciii:  ^;].nj;  "cltor  | 

1 

Curre::-  5 

^.65 

4.93 

5.40 

5.80 

6.38 

7.16 

8.05 

9.04 

10.01 

11.03 

12.26 

Constant  $  \ 

1 

5.29 

5.48 

5.83 

5.99 

6.13 

6.23 

6.49 

6.25 

5.93 

5.75 

5.62 

Ph.D.  Sciantists! 

5.05 

5.50 

6.00 

6.60 

7.50 

8.25 

10.00 

10.87 

12.17 

13.62 

15.24 

Constant  $  ^ 

1 

5J5 

6.11 

6.48 

6.81 

7.21 

7.17 

8.05 

7.51 

7.21 

7.07 

6.99 

I 

1 

Current  $ 

3.30 

3.41 

3.63 

3.85 

4.27 

4.97 

5.89 

6.69 

7.95 

9.18 

10.70 

Cor.r.tant  $  i 

1 

3.76 

3.79 

3.92 

3.97 

4.11 

4.32 

4.74 

4.62 

4.33 

4.77 

4.91 

Ct;p  hplicit  price  deflator  (1975-1930  NPA)  used  to  obta.ui  1967  Constant  Dollars. 
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Table  3.50    POSTAL  RATES-  1960-1980 


(Current  and  Constant  W  Dollars) 


Postal  Hates 

1960 

1962 

1964 

1966 

1969 

.  1970 

,,  m 

m  

.1978 

1980 

Hon-Proflc  Publication 
(per  pound) 

Current  $ 

.015 

.015 

.017 

.Olfl 

.019 

.021 

.025 

.032 

.039 

.054 

,0.17 

.01? 

.018 

.019 

.018 

.018 

.020 

.022 

.023 

.028 

.031 

Rpf/ilor  Pul  llration 
'per  pound) 

Current  ? 

.023 

.025 

.027 

.028 

.030 

.034 

.042 

.052 

.067 

.086 

.111 

Ctiii;n  i:  t,  $ 

.026 

.028 

.029 

.029 

.029 

.030 

.014 

.m6 

.040 

.045 

.051 

First  Clii'i!!  Letter 

1  nitr  tiitiiciii 

^ '  ( '  I    U  U 1 1 1  t  f 

CwTTPllt  ^ 
ViU  1  1  C IIL  V 

n/. 

.Oo 

.05 

.08 

.10 

.13 

.15 

.IS 

Con3t,iiit  $ 

.05 

.04 

,05 

.05 

,06 

,05 

.06 

.0? 

.OR 

.08 

.08 

Alrukiil  U\t.v: 
(|K;r  O'jiict') 

Currt-nt  $ 

.07 

.07 

.08 

.08 

,10 

,10 

.11 

.j3 

.13 

.14 

.15 

ConsMiit  $ 

.08 

.09 

,08 

.10 

.[to 

.09 

.09 

,1)8 

.n7 

.07 

Letter  plus  flamiscript 

Currti-  $ 

.22 

.22 

.26 

.26 

.32 

.32 

.38 

.45 

.46 

.59 

.76 

Conj^t.'int  $ 

.25 

.24 

.2R 

.31 

.28 

.11 

,27 

.31 

.35 

* 

«nP  Implicit  price  deflator  (1975-1980  UFA)  used  "o    1,i1r  1367  CcnstanL  Del  Lira. 


SO'.IRCE:  See  Table  3.^ 
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Figure  3.43    POSTAGE  COST  OF  A  LETTER  PLUS  AN  AVERAGE  DSCRIPT 
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SOURCE:  Tabic  3. 50 


Results  of  thl<\  conipai  i  .^;c)n  nro  .sliovn  in  Table  3.51  for  Iho  nine  fields  of 
science. 


Table  3.51      AVKHAfiK  RIINOI'K  COSTS  I'OK  SCinNTlFIC  ANT) 

TECHNICAL  JOURIs'ALS,  \)Y  i'lKLD  01'  SCIF.MCK:  1959 


(Average   Runoff  Cost :  $/Kilov;ord) 


Field  of 
Science 

Case  Mode] 

EPC  Model 

Difference 

Physical  Science 

.0032 

.0039 

.0007 

Matliomatics 

.00A2 

.0052 

.0010 

Computer  Sciences 

.0035 

.0038 

.0003 

Environmental 
Sciences 

.0038 

.0042 

.0004 

Engineering 

.0025 

.0032 

.0007 

Life  Sciences 

.0033 

.0043 

.0010 

Psychology 

.00/i6 

.0053 

.0007 

Social  Sciences 

.0058 

.0072 

.0014 

Other  Sciences 

.0032 

,0036 

,0004 

SOURCE:     MarkeL  FacLs,   Inc.,  Center  for  Quantitative  Sciences, 

Overall,  the  estimates  from  our  cost  nodol  appear  to  be  about  the  same  as 
those  from  the  Case  model,  vjitli  Llie  difference  between  the  tv/o  ranging  frc^ 
.03  to  .14  cents  per  kilov/ord. 


The  SATCOM  report  (59)   givo^^  runoff  costs  in  1968  as  sl)Ov;n  in 
Figure  3.4A.     Runoff  cost  per  thousand  equivalent  words  per  copy  is  plotted 
against  average  sj/'.c  of  a  single  issue,   for  journals  in  all  fields.     The  solid 
curve  is  an  arhj  trary  one  drawn  for  rereronce.     Tl^ese  data  range  from  about 
.25  to  1.4  cents  per  kilo:/ord  dependin^'^  on  the  nui?.ber  of  kilov^7ords  per  issue. 
Our  results  show  a  range  of  .AO        .63  cents.     Our  cost  data  are  shown  in  tl^e 
interval  on  the  figure.     Tt  v:ould  appear  \Ak\\:  our  costs  are  lovjer  than  those 
reported  in  the  SATCOM  report. 
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Prcrun  costs  reported  l)y  SATCO:-;  aro.  givj-n  in  Fif^ure  3.A5.  These 
coj;ts  vnnr^c.  Trotu  about  $25  to  $90  per  l-iloword  p--c.,  anr]  represent  prerun 
costs  for  -inrllvidual  journ^l.'^.  in  varJons  fields.     For  journals  coulaininc 
advert  j.::;ing  or  other  non-rt.:L;:.arch  rnatcriril,  the  ligures  are  intended  to  apply 
to  the  rosearcli  material  only,  but  Tray  not  alwry-;:  Cully  realize  this  inten- 
tion.    BJack  doLi-J  idrntify  joi!in^^"!s  v.'ith  ri.n-tl:u>  paid  editors,  for  vjliich 
one  cen  be  rnn;e  tliat  there  nre  nn  li.idde-   cnr;f.r^  for  technical  editing.  Our 
avcr.-:ge  cosL.s  for    lOf^R,  reprcKcnied  by  a  1  i.i.e  :icross  eiieh  field,  nppear  to 
be  faLr]y  v;e.U  in  line  with  tliose    repor'ed  by  ".■.TCO:] . 


EKLC 


Kn 


In  a  19r)9  sHuly   (vH),   tuLal   ces'i   d.-tn  \     ^:  identified  by  the 
a(ii»u.i1   Se-irnee  ]'c>niu]':  I         for  s-'VrTMl    fitild;:  of  r.clcr.cc.     Their  data  and 


our  t*:|u  i.\'nl         drJ:::  rrr;^  [^jVlu    in  1', 


'il::-  ':!at. ioiinl  Science  Foun^lciL  l.on 


ce  Icn  !;:Lt.'.l   i  lie  nwrr-^c  co.^i  per  rise;.;"":'  b;io.>;-d   Tor  scirntific  journnl^: 


uubl  i :  lu'd  by  proTe  i  i'm.i.1  i-ociLii- 
cn^arw  d  rn  ^'0.0177  i.,    1^^^;:'.     Our  < 


*V^.0:;..'9  ill  3  9  39.     This   fi£;iivc^  in- 
foi  if.  $r".0ir>4  per  kiloword. 
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SOi;JU  .K:    SA*'l  COM 


(n(i  Ii^^'cii'M  Iv  r-i'iic-al  c•c;^lil^o  costh;) 
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Di  rf   -  er.rt* 
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.('01 1 
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.Ul.'Kl  .UJ(. 


.0100 
.0138 
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.0020 


r-ioior.y 
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SOJilCr.:       N.-Llcijuil  Scr^'vc  Fui:;i J.- 1  : ,  a;.r.-,r.ct;r  i  J k i  •*      cj  oci^nrific  Jo'irnnic  I9*t9-1939  (iNSF  b^cDO), 
2 

Cosr  flult'l,  M.irV.f  t  TncLs,  Inc.,  Conttr  T;.  v  ';^:',;ni  i  l,-it  ivt*  f'-icrircs 


For  co;^r:.iorc  h'l  /cura^'ls  r.lio  ccrn^jarnb.'. :::^urrjs  (]vcl:efj  by  !'SF  wer-j  $0.0268  in 
1959  cv.d  ^'0.039^  li>  196.?  jit.J  for  uni  v^^rsi  ty  press  joiirnrils  the  figures  \^ere 
$0.0266  in  1959  and  $0.0?75  in  19C2. 

A  report   fron)  Lhe  Internal- ional  Congress  of  Scientific  Unions  (ICSU) 
(128)  calcul--it:oc!  Liial:  In  .196A,   the  avc.rr.f.a  cost  per  kilovord  for  a  U,  S, 
society  joiirnal  in  the  biological  scianrc-s  v.ms  $0.0196;  for  a  comr.iercial 
journal  it  was  $0.0206.     Our    1964  cstir.iate  for  the  life  sciences  is  $0.013S  per 
kiloword.     Another  TCSU     f^^)  study,   in  the  physical  sciences,  produced  figures  of 
$0,024?;  pvr  kilf^'.:()i*d  for  a  1064  journal  puhli  r.hed  by  a  professional  society 
in  tlic  U.  S,     The  coniparnb3e  fir',ure  f or'  co-'morcial  journals  was  $0.0377.  Our 
estiin.'ic   Tor  tlie  pliysirrjl  sciences  is  $0.01i6  per  kiloword.     It  is  worth  notin?; 
that  hc^lVi  TCSU  :;tu<'iL';:i  rei^orted  si'hs t an t:  Lai  1  y  creator  costs  in  son^e  other  countries. 
In  Gcvr-.-Miy,   for  cx.-^^Mn^c,   th.-  avoi'^'^-o  cost  per  kiloword  for  a  journal  put^Iished 
by  a  sc.*:n:ific  society  in  tlir:  p1i\ s  i  c.."-!  scimcec-;  Wris  $0.0783,  more  than  three 
tiii'..-:'5  Iho  U.   S.   cost'-:.     Tn  Crrva   nrit'nn  tho  average  cost  in  the  pln'sical 
scifMM  c-s   r^r  co.^  .'fTc  i  .J  1   j  o>:  rn."!  ]  f-  %!.i71   per  !:ilo^;ord,  almost  twelve  tiiites 

tiK'    CC:        l  .il)  I       !ir;."P    jr)    (lie    U.  S. 

^  )  2 
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Tab'l^';.  -   '3.61    by   fld^!  Ms-  yea,-/:   l.Or;''   uO    I.OJ'O.      I'rf  i;i};i..JM]  cnr;t::-: 

fthi.v .lie   I'V   !  11)   cr.;.L,    Ly|v  -^^.l    cosT  ,    riii'OfT  co^.L  pc-i'  copy,   -•ir.cl   ((yt'.-.:]    ccK-jt.  per 
C(»pv.     Als-'  r.'V'-n  cri'   Llio   tni'i"'    Cw.v     per  j  < ':u.t.,i  1   aiJ'!  -i^'.  t  cojiL'  per  sub- 

ycrJn.  r.      .*    .«-.!H'!rK]  In-  nolc^.I   (]-.tl*  our  oi.l.LMnrcs  ri'u  b:::irJ  on  aw  r»v^T;.ll  avora^-'V 
of  su'-r-;cr  » p.L  I ,  vliif-''  the  n'.t:i)l)C  r  of  railj'.'-r-Il»ars  per  joi.;.nri1  c.U'x':!^  v.a'ios 

ti(.\\r  hy  iJ'/l^'  so  v;.:  ca.uit.i  ii..:;u):i'  To/  (.h.-i  o  cM  rrc'i"rT,';c ,  S^^!r•.^  a  Ir^^^i-  po^;^jon 
of   tnc:  coaT::  ai.c   ruiH-iT  c-':-(./:  ^-liifai  vHl   va>y  a.r.r ord io  ajM^ci   of  fiub- 

scrIpMc)!\-^,   Lliis  ]  ii:VL I f:  loff  on  ov.r  ir.c^Jr-l   j.:;  an  an!;-in't:.'nL  ovic . 


2  9  3 
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ERIC 


TnMr  i:::;       r-;  r;:;.;:^"-;,  ,  a:::)  'lOiAL  cmstj:  ok  a  typical 

Pf;vsl(^^^.  x^i;.:-^':;  u^'>v-i.o;v) 


Year  

1 

1 

1 

•  -  - 

'I'D 

C'.);-.  t.   \)vr  }' 
Tvp.;.,';ot 

•  lo  ■•)rii  (?) 
Runof  r 

per  Conv 

Total 
pe  r  Copv 

j  Tor.il 
Cost  rcr 
Journal 
COOO) 

Toi:a.l 
Cost 

196^  

) 
1 

50 

18.55 

.004  3 

.0142 

51 

.8 

11.]  8 

19  6  A  

'    A 1 . 

90 

15.80 

.0046 

.0136 

51 

.0 

10.27 

19  66   

i 
1 

u  ? 

17. 8S 

.0041 

.0134 

73 

.  0 

13.54 

1968   

!  5-'i. 

57 

22  .57 

.0047 

.03  43 

73 

.9 

12.29 

1972   

70. 

31 

29. 4A 

.0049 

.0159 

104 

9 

].5.S5 

19  7  A  

20 

33.91 

.0056 

.0180 

139 

6 

20.22 

1976   

92. 

7] 

36.56 

.0061 

.0194 

162. 

2 

22.07 

197«  

IDA . 

97 

Al.]8 

.0065 

.0210 

183. 

6 

24.06 

1980   

n  5 . 

.15 

45.45 

0070 

.0223 

207. 

4 

26.22 

 PERCl' 

16 

::t  chance  — 
9 

1962-191-'-;     .    .  . 

25 

1 

^3 

10 

1968-  l.y74     .   .  . 

/.  9 

57 

20 

27 

89 

65 

1974-]0,S0     .    .  . 

42 

34 

23 

24 

49 

30 

SOUKCi-.:     (.o:.i.  llodol,  ?!-irLc't  I'.'jctfj,   Ini.,   Cu",tir   for  Qi.'.'intit.nLivc  Sfi  er.cc^ . 


ERIC 
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Table  3.54      ESTIM.\TED  PRERUN,  RUNOFF,  AND  TOTAl,  C03TS  OF  A  TYPICAL 

MATHEMATICS  JOURNAL:  1962-1980 


Cost  per 

Kiloword  ($) 

iocai 
Cost  Per 

1  O  CoX 

Cost 

Year 

Prerun 

Typeset 

Runoff 

per  Copy 

Total 
per  Copy 

Journal 
(000) 

per 
Subscriber 

55  32 

30.36 

.0056 

.0182 

34.0 

7.40 

196A  

56.77 

30.69 

.0054 

.0175 

36.5 

7.35 

64.90 

34.86 

.0059 

.0186 

46.1 

8.55 

67.68 

34.68 

.005t 

.0177 

58.6 

9.75 

88.96 

48.08 

.0067 

.0206 

75.8 

11.23 

104.92 

57.63 

.0083 

.0.^45 

79.7 

11.54 

1976   

118.38 

62.24' 

.0083 

.0253 

102.3 

13.91 

1978   

133.01 

69.22 

.0089 

.0273 

128.3 

16.81 

1980   

146.09 

76.40  .0095 

.0291 

145.8 

18,43 

1962-1.: -xS     .  . 

22 

 PERCENT  CIL\NGE 

14  4 

97 

72 

32 

1968-19''4     '.  . 

55 

66 

43 

• 

38 

36 

18 

1974-19SO     .  . 

39 

33 

14 

19 

83 

60 

SOURCE:     Cost  Model ,  Market 

Facts,  Inc 

.  ,  Center  for 

Quant  i  1  n  t  i.vc  Sciences. 

2 1) ') 
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COM  I 


ci.:-:'!':.  01 
1  '.T.y- 1  ' 


A  'I'Yr'ICAl. 

'0 


(a)SL  pc' 


($) 


J  962  .  . 

]9M  .  . 

19ri6  .  .  . 

196^  .  .  . 

1972  .  .  . 

197/4  .  .  . 

1976  .  .  - 

1978  .  .  . 

]9fi()  .  .  . 

1962-196P, 
J  968- it- 7 /i 
j97.'i-  ]'Ju() 


I'n^  run 
^3.22 
''43.92 
47.52 
52. AO 
71.50 
78.86 
92.08 
102.91 
116.45 


21 
66 
/t8 


1  ypcsol 
18.26 
17.82 
17.48 
19.40 
30.12 
31 .57 
35.94 
39.12 
46.75 


.0042 
.0033 
.0037 
.0040 
.004  7 
.0055 
.0053 
.0064 
.006^. 


—  P'TCr::;  cii/.';ce 

6  -5 


81 
48 


38 
2f- 


Tola  I 

r  C  -  '  i;, 

.01 'lO 
.0131 
.0130 
.013i 
.0159 
.0173 
.0190 
.0206 
.0223 

-6 

27 


Tot;: ! 
Cost-  I'er 
Journn 1 
_(0CiO)__ 

14.9 

20.1 

21.3 

24.0 

38.7 

40.2 

49.5 

57.6 

66.5 


61 

bS 
65 


Torn! 
Ccisr 
per 

3.21 
4.05 
3.94 
3.99 
5.74 
5.82 
6.73 
7.55 
8.41 

24 
46 
45 


SOVHi.i.:     Cost   MiKir!,   Mnrlj.'t:   F.'ri.s,    lr.<  .  ,   C  -.H 


Ml  i ;  ,.■  t  i  vc'  ..CI  fix  ft 


2 ') 


.1  \)(-\ 

1  '.'on 
I'll/ 
IV' 70 


/»6.7I 
V/.  ^'^ 

71.71 

80 .  y  I 


30.0/ 

:]7.  '3^> 


,  CO.',;! 


'i::u:;"::r  c 


3S 


I  I 

!  7 


To;  J  ! 


,  0  1  3 


.Oi  S^^ 
.  0  L  'j  T; 

.  uir::; 
;^o 


A)  f  ^^0 

t 


Tot  I 

Jen  rn" I 
(COO^ 

16.  / 


38, 
72.0 

6  ] .  :^ 

(>3.8 
S8.0 

331 
-11 
01 


P(.r  r 

3.^)1 
,  /(  1 
7.  I  A 
11.97 
9.07 

10.7ci 
J  1  .  3m 
1  2  .  1  (S 

23:? 
3:: 


(•  <     Ml      ■  I 


'   :-c;  1  I'l 


2 :)  7 

o 

ERIC 


M  ■■  ■  1  1 
0!' 


.1 . 
r  I 


Year 

]96?   .  .  . 

.  .  . 

1966   .  .  . 

196«   .  .  . 

i97:'   .  .  . 

19 7  A   .  .  . 

1976  .  .  . 

1978  .  .  . 

1980  .  .  . 

196:'-l')6,s 

196. ':  -  197  A 

197. '-  I9.sn 


CosI    ,  01    i;  ;■        ;nl  ($) 


(9 .  1  9 
A 2.  09 
A^,.  87 
S  ]  .  OA 
65.  36 
lU.Ul 
R6.08 
97.11 
]n6. 30 

;0 


,1 A .  ?  ^ 

1  3.9.H 
]5.f:'i 
18.  OA 

2  A  .  6H 
27.  13 
2  9.93 
33.32 
36.81 


Uuno  r  f 

p.  r  Co].- 

.0033 
.0038 
.0036 
.0038 
.00A2 
.0050 
.0052 
.0056 
.0060 


 PF.Rcr.yT  ciL\!;(.;i; 

27  9 


50 
36 


29 
22 


To  I .)  1 

.012A 
.0128 
.0123 
.0128 
.01  AA 
.0163 
.0173 
.0190 
.0202 

3 

27 

2h 


Tol  ,1 1 
.lour  en  1 

I'-.O 
27.  A 
33.0 
AA  .  0 
63.6 
7  5.6 
89.9 
102. A 
115.3 


83 

72 
33 


Tut-: 
(:.\.L 

5.17 
3.32 
6.  '3 
7.31 
9,7? 
10.96 

12.  ?A 

1 3 .  A  2 
1A.57 

Al 
50 
33 


SOUIlCi;.-       CrrM  Mo 


I'.iot'-,   ]  ii<  .  ,  for  Qr-.'iit  i  tat:  i  vc  f;.- i  c^nros  , 


ERIC  "^^ 


Tabic  3.58 


FSTIMATED  PRKUaN,  R(.^^TOFF,  AMD  TOTAL  COSTS  PER  KILGWi 
OF  A  TYPICAL  LIFE  SCIENCES  JOURI-iAL:  1962-1980 


Cost  per 

Kiloword  ($) 

Total 
Cost  Per 

Total 
Cost 

Prcrun 

Typeset 

Runoff 
 per  Copy 

Total 
per  Copy 

Journal 
CGOO) 

per 
Subscriber 

J.  Ccl  1. 

42.14 

17.18 

.0048 

.0144 

39.8 

8.58 

43. 

25 

17.15 

.0044 

.0136 

40.1 

8.06 

47. 

45 

17.71 

.0046 

.0140 

43.2 

8.01 

53. 

16 

20.16 

.0050 

.0144 

45.8 

7.62 

67 

82 

26.95 

.0054 

.0161 

60.2 

8.92 

77 

51 

30.22 

.rj064 

.0183 

69.9 

10.13 

89 

.38 

33.23 

.0066 

.0195 

88.5 

12.04 

197  a  

LOO 

.75 

36.96 

.0071 

.0211 

99.6 

13.06 

no 

.21 

40.31 

.0077 

.0224 

108.3 

13.69 

   rciicr;;'!'  CH.W'GE 

2  b 

17 

<i 

0 

15 

39 

71 

27 

53 

33 

34 

20 

22 

1  33 

1 
1 
1 

35 

.iuii-.C)-;:  Co:;!. 

1 

kol    F:u:::s,  [.k 

i-  rv:-ii  1.  i  1  .1 1,  i       Si'.  i.cii<-iv. . 

ERIC 
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n     r  ' « 
J  -  .  ■  ■. 

r.sTi;;. 

i'5;vi.;: 

V  .TOI.;i<;,. 

.■  TOT/.i.  COF.T.'A  Oi-  A  TV? 

[CAL 

Cosi:  per  V 

ord  ($) 

Total 

n  r-^  *~       TJ  /-I  ■v- 

To  till 

per 

C 1 1 1-\  c  i"*  ^-  *  K  /*v  1* 
0 11  U  o  L  J.  J.  I.)  V.  17 

Yf'nr 

_PrL:rjin 

Tvpc'sut" 

R-iiiof  f 
p  ('  ]•  Copy 

Total 

per  Coj-'V 

L.OG  I-  i  <?r 

Journal 

coon) 

1962   

48 

.25 

23.  62 

.  0075 

.0168 

28.2 

Oft 

196A  

50 

.  52 

24.40 

.  005.L 

.0163 

25.8 

m   X  J 

1966   

56 

62 

26.57 

.0061 

.0172 

30.7 

5.69 

1968   

62 

39 

52.84 

.0063 

.0174 

31.8 

5.29 

1972   

80. 

86 

39.98 

.0072 

.0199 

41.3 

6.11 

1974   

96. 

53 

49.24 

.0091 

.0241 

52.9 

7.65 

1976   

106. 

91 

50.76 

.0087 

.0242 

50.3 

6.84 

1978   

120. 

27 

56.48 

.0095 

.0296 

56.8 

7.45 

1980   

131. 

91 

62.22 

.0103 

.0281 

63.8 

8.07 

-  percl:;t  change 


1962-1 oea   .  . 

29 

24 

10 

4 

13 

-13 

1968--1974     .  . 

55 

-7 

45 

39 

66 

47 

1974-! 930     .  . 

26 

13 

17 

21 

5 

SurKCC:     Coat  McJc  i  ,  li.n'-.i.'l    r;U;t.s ,   Tut;.,  C'.-mcv  for  Quan  L  J     Live  vScicnccy. 
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237 


Table 

3 

.60      ESTCMM'E.'D  PnrritJN' 
SOCIAL 

sc[i:;;cES  jout^ 

TOTAL  COSTS 
NAL:  1962- 

OF  A  TYPICAL 
1980 

Cost  per 

KlLov/ord  ($) 

Total  Total 
Cost  Per  Cost 
Journal  per 
(000)  Subscriber 

Year 

Prerun 

Types  c  t:_ 

Runoff 

per;  Copy 

Total 
per  Copy 

1962   

53.59 

34.32 

n  rv  "7  n 

24.0 

3.02 

1964   

53.54 

27.44 

.  0059 

.0174 

18.7 

3.76 

1966   

59.  76 

29.71 

.0058 

.0175 

18.3 

3.39 

1968   

'  J  J  .  c,  J 

.0061 

.0173 

20.3 

3.46 

1972   

33.  33 

42.50 

.0071 

.  0202 

26.2 

3.89 

1974   

45.43 

48.1.4 

.  0053 

.  0230 

29.3 

4.24 

1976  . 

U.0.71 

54.57 

.0039 

.0249 

30.9 

4.21 

1978   

125.03 

<jj..24 

,0098 

.0218 

25.8 

3.37 

1930  

1.3/. 52 

67.83 

.0107 

.0293 

36.2 

4.57 

1 



-12 

-15 

-15 

15 

■■■^3 

•39 

■13 

33 

44 

23 

I 

!02 

27 

24 

8 

^f^{;H:K:     Co;;;;  M^M'l'.-    )'.u;i.:,  ''.;M;"r    F'T  Q' •au  r  {  La  L  i  Vi?  ScLcrK-os. 
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Tabie     .61       ESTIMATP.O  \><XF.RVU .   i"L::OF'',   A..;D  TG;.\L  COSTS  OF  A  TYPICAL 

OTHER  SniENC:-.-^  J0UR;;AI,:  19&2-1980 


Cost 

per 

Kilo 

..;ord  ($) 

Total 
Cost  Per 
Journal 

COOO) 

Total 
Cost 
per 
Subscriber 

 Year  

Pre  run 

Tvpcset; 

Runoff 

n(.?r  Copy 

Total 
per  Copy 

1  0  A9 

An  . 

16. 

20 

. 00*^^0 

.0132 

26 

.3 

5,67 

1964  

42.47 

16. 

37 

.0038 

.0111 

27 

.3 

5.  30 

1966   

4  6.68 

16. 

64 

.  J037 

.  0128 

36 

.1 

O  .  DO 

1968  

51.15 

18. 

15 

.C0^;0 

.0129 

50 

.6 

8.42 

IT/ 2  

66.48 

25. 

60 

.0150 

111 

.4 

16.50 

1)74  

72.09 

24. 

80 

.0032 

.0162 

123 

.0 

17.82 

19/6  

87.81 

31. 

5  7 

.0056 

.0182 

144 

.9 

19.71 

19  78   

98.96 

35. 

17 

.0(K)0 

.0196 

163 

.0 

21.36 

I'iiU)  

\ 08.03 

38. 

33 

.oor:o 

.0209 

130 

.7 

22.85 

'      '  i         .  . 

1.2 

0 

-2 

92 

49 

:  .-.'^  lV/'.    .  .  ; 

L 

3/ 

30 

25 

143 

112 

i 

} 

I 

■:o 

55 

ZO 

23 

3  i)  2 


tioi.:-,         'cLy  (.!-••'  ,   ar^     ■  :  ;  s  * :  -  • ,   p.'^;;c  c'l-w;/':;,  j;:;^';  J  dir.s  ;jin)  otli^7::i,  Tlicrc 
ir>  liOJ:  t;uN      .•fiT:!!:    ;  ii'U        u:   r  II .■  ny  of   l)ij:s^^  Gouvcrj;  .:.v:uJ  nl/l  r  in  the  litcr- 
atui  :-,  f-M    1 1;*' J  r  •.M^  UjTj  v-:-.  L  Ly  luj.orL   ftj-;  )   doc?  vivl^  some  infcn-riiaLioii 

^;o;ii  cc      of  r.rr  lO*'^-'^   L 197'i  ^/C-rjod,     T'ovcr.ue  br<.'al::invriLS-  Tor 

purr:  :-;c  Ji-i'.  r.j    r.-lc-i.-  .  i  :•  U^;y   :i;ic]  oO::.!.iJ   5:cloi^cc  joui:a.:ils  from  this 

£;tudy  cii:f-  ^  ..\:lz     .  (// . 

Table  3.6:::      ?\:-r.: .  I  ^'1ST::1       ^0'.  0-    ^rvi'Mfi:  FOR  SCHGLAl^LY  JOUI.NALS  lis!  PURE 
SCil^'>':(  *- ,   ^<Vi'\A\.\)  SCTr,.;;:::  /.Sj)  Ti^;:i]Nf;LOc;^ ,  AKO  SOCIAL  SCIENCES: 

1969,  1971,  1973 


(Percent:) 


Source-:;  of 
   Itevr:it(^2  

SubscrlpLii'Vf^  .... 

_T97.3  

i=;f:'9"" 

JrrPv  Cn=50) 
'1973 

Socic.l  Sciences  ( 
19Cy  1971 

/,9  49 

51 

3B 

40 

41 

50  45 

46 

27  28 

28 

30 

30 

28 

30  39 

39 

4  4 

4 

6 

6 

6 

A  3 

3 

6  4 

4 

21 

18 

18 

6  6 

5 

Page  Chdf'.c.^  .... 

11  12 

10 

2 

3 

3 

3  2 

2 

3 

2 

1 

4  3 

2 

h{l:ictllntU'r.i"^i  .... 

1  3 

1 

3 

—  100 

3 

6  4 

4 

SOURCF:     Fry,  Uprp-ixl  M.  f.v'\ 
in  I  \>c  T'l .  '     I  ten 

of  the  PuM is.hcr-Libr;<ry  Relationsh 
r^r  G:4-41398),  Indlann  UiiivurnlLy , 
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1 1       •••   Tor  o-.t'*  t ■  n\    irUf  Ti-ilr;.     I'-  Iiu'.rc vcT ,   rA>U!jt    r-'i;.;C  ''  of  auvc.r-- 

t'r;Mi;-    \\.  •■/.•■];   )  ..wu^  tM;pliLl  in   thr:  tr.irUug  survey.      I'lu.a  l.lii::  the"! 

r.v<  r".:;.  ()■'  P^'^'-':-  of   «.<!v"»r!  per  ye.*ir  v/:\s  c:'lci!lal:'u   Tor  oac^  rJ(^].C'. 

lilt   r  ..'.(!  i.:  d  i       .;y.'vt  in  T-;I)j'c'  *'^.f-3  :::".]  F.ii^urr^  3.^»^.     There  i-'s  obviously 

n  .^.r^-r.l"  c' L  •  'i.'KMiv.  J  i  cl  drj   ui  (Iff  i--^^^  of  ri^-i'/crtii- itiw  publi-.^lK-u  each 

yc:\r.  Tnf  fi.t'  j.l:.  ^'iiic.l-  Cim?--!;; J  V,-  pul:]!.-;!!  tlie  rv;st  ad.vurti' f.-lng  arc  Lhc  Life 
ScitT.'.:         -^''.j'-       =  Otlii^r  cj^- i^r/ii-.L-  ,  ru-j.i^.Lii  i       in  t:]K:  hnndr'cid5:  oT  pages 

Gac'f  y-r.^'i-.  Thu  '■■'.:ld5^  viilch  p;ii:1  lsIi  Lhc  IcobL  advcr tiLiiii^  pc:r  year  arc  llathit- 
Xi\n  t  ■]  cs  ,   Soc  I  /il  S".:i(incc-r. ,  mvl  Fsycjljcjl  o^^y . 

Tnbln  3,03       ESTI  -r-Tl^D  P/.r^FS  OK  AOVii'^i  i:Si::r^  PUBLISHED  PER  JOUia^iAL  FHR  YEAR: 

1962-1974 


Flnld  of  S;r:.rr!:-ti 

19C2 

1964 

10b6 

1966 

1970 

1972 

197'* 

P liy s  J  (.  n  I  S<.  J  I » c  r-  :i  .   .  . 

87./* 

66.3 

SI.  3 

78.4 

71.3 

00.1 

49.4 

12.0 

14.4 

14.9 

14.7 

1A.5 

14.3 

14.6 

Coniputcr  Scicn-jo"  .   .  . 

53. n 

74.9 

93.8 

98.0 

79.2 

61.5 

55.7 

Knv  J  roi;  .icnt;!  1 

6.6 

13.2 

51.2 

62.7 

82.8 

65.0 

76.1 

128.5 

130.8 

136.0 

130.1 

124.8 

121.0 

119.0 

L'ito  ScloiKC.-  

17r,.3 

200.8 

206.5 

211.6 

182.2 

155.2 

149.4 

Psyc!i'.»l0fc;y  

10.6 

12.0 

1^.2 

15.0 

15.2 

14.8 

15.2 

Social  Scieiu.cr.  .... 

5.1 

4.4 

3.1 

2.5 

2.9 

5.3 

6.3 

OlUrr  ?,cirnrc:;  .... 

197.6 

225.7 

241.4 

277.2 

269. J 

271  ,r 

a69.4 

SOU;a:i  :     Joni'ii..]  Trnri-lii)'.  lairvjy,  M.)rk« 

'L  lactr.,  Iiic. 

,  Crnt.cr  for 

Quniicltntlve 

Sciences . 
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Deflnito  trends  in  aJvcrlisinp,  pajjos  aru  appcirci) I:  for  ^oino  Tielcls. 
Advert  is  in};  is  declinin,^^  i'or  IMiyr.i         Sciunctvs,  and  since  1068,  for  Computer 
SclCTicos,   Euginocr.i  tij;  and  T,i  f  e  ScU-^vcs.     MnLlioiiintics  hr:s  licld 
fairly  steady  since  ]962.     Advor tlr;  i  hl;  ir.  Social  Sciences  journals  declined 
until  19f)8,  and  tlrjn  ro::L;  in  succe'  tli:\3  y^.ars.     Computer  Sciences  advertising 
appears;  to  ljav<.-^  poalu-d  around  1966  or  19' 3,  and  then  began  to  decline.  The 
trends  in  Envi ron;ui:*ntal  Scieaccs  and  OLlior  Sclcncos  are  not  so  clear.  Iiinviron- 
mental  Sciences  advertising;  is  soKOv;hat  coarui::cd  by  the  outlying  value  for 
1968,  bt't  it  'appears  Diat  Lbere  lias  been  an  ii]>vard  trend  since  1962. 

Figures  from  the  Indiana  study   (48)   In  adv^.  rri.    .ig  pap,es  per  ye^. 
shown  In  Table  3.6A.     Tliese  are,   :lm  [:;'.:nrral,   subs  !:-:•;  it  Lilly  lower  than  the 
results  of  the  Journa]  Tracking  Survey,  and  0\e  di screpa^^cy  woi;ld  appear  to 
be  worth  looking  into. 

Table  3.64       ESTIMATKD  MEDIAN  NUMin^R  OF  A])VrKTISi:vC  PAGES  PER  JOURNAL  BY 

DISCIPJ.IK:::     1969,  1971,  1973 


1969 

19i  I 

1973 

I) Is r  J 12 1  I_n c_„_ 
Piiie  Sciorice 

2  Vlic  Do 
Print 

 Advert  i  Sf>rr, 

"^ntff  

Advpr L  is  i ng 
 Y(['.-ir^^  

::io  r>j 

Pi-ir 

Not 

Aijvertiilng 
Pa^es  Per 

X  \iho  Do  IJot 
Print 
Advortlscr^enrf; 

Advert  J  ring 
Pagos  Per 
Year* 

64 

O.A 

0.1 

64 

0,1 

Appi  1  rd  Si'  f  cnct' 

13.5 

6.0 

48 

3.5 

Social  ScJon^or. 

A8 

1.8 

3.0 

40 

4.2 

For  those  Journals  whl cli  ncc<.-ijr.  adve rt  J log . 

SOUKOc:     Fry.  P-orn^rd  H.   and  Ilcib.Tf.        Vuilc,     Krn^,n,j.r^  r.:.]  Tiif  r-rar  I  jrj_j)rj:]ic_ri!!m 

ijn^lho  Pr(u!,icM_(>n  ..I'KMJjir;  or_^:c)^r^];^^}^_^u^  j}^-^-^  C-3,r  0^-43395),  Indiana  University. 
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Another  soi!>'-e  of  Inctnie  lo  pnlilisber  is  page  cliargcs.  In  1968, 
Conyers  llerrLuc  (59)  ri  ported  thr.l  lln:  practice  of  pa^c  charges  had  beconic 
wider. f^read .  Tlie  pv;irLlcr'  \/ar.  n-acli  ir..'VO  p?-cvalciir  ai.on^;  societies  and  non- 
profit origan  i^-a  tioiir  Lbau  with  pi-h^ate  pu'^li  sbors .     The  ran^^e  of  charges 

:jO() 


appo^Tod  to  he  l>oLv/c    <  !;'J0  and  $60  for  soc J fti.fos  wiLl^  an  avcrago  at,  pcrliaps, 
about  $A5.     Nonprofit  puhl  i  sIilms  chaL^^ed  botv;ecn  $10  and  $A0  vntli  an  average 
of  about.  $25. 


To  bring  tlrio  in Tonnat jon  up  to  date,  our  Author  Survey  asked  res- 
pondents to  indicate  tlie  totj})   aiuO'int  they  had  to  pay  for  page  charges.  Our 
results  oil  page  charges  per  article  are  only  approximate,  due  to  an  ambiguity 
in  the  qMes I'.ionDai re ;  some  authors  reported  per-poge  page  charges,  v;hile  most 
reported  total  page  charges  paid.     Ther'^fore,  wt  assumed  that  dollar  amounts 
of  ler.s  than  $100  reported  for  tliJs  questioii  were  actually  per-page  charges, 
and  multiplied  this  times  an  average  of  seven  pages  per  article  to  estimate 
total  page  charges.     Result5j  of  tlie  average  page  charge  per  article  are  shoum  in 
Figure  3.47  and  Table  3. 05. 

F  ;om  the  author  survey  rerniirs  v;e  r.aght  conclude  that  the  percent 
of  'iuLIiors  who  do  not  pay  page  cliarges  lias  rcniained  fairly  constant  since 
1968.     However,  due  to  the  sliJit  In  )ion-responre  rate  for  this  question  (from 
2^. .9%  for  1968  articles  to  Go  for  1975  articles),  it  is  not  safe  to  conclude 
that  the  apparent  in(    ..ias^e  in  tl^c  percent  of  authors  who  pay  page  charges  is 
real.     Herring  found  that  the  proportion  of  authors  that  honor  their  page 
charges  is  sliglitly  decreasing  over  time.     Unfortunately,  we  cannot  confirm 
nor  quentiou  this  finding  due  to  the  sl^ift  in  responi^e  rate. 

Page  charges  are  voluntJry  in  riany  cases.     Even  if  an  author  pays 
a  page  charge,   there  is  no  guarantee  tliat  the  author  will  pay  the  entire  re- 
quested aniount,  as  pointed  out  by  several  of  the  author  survey  responS^CS^ 
Nevertheless,  our  reciulfs  sur-.gest  a  slight  increase  in  average  page  charges 
paid  since  1970  -  1972,  perhaps  rrflccting  more  stringent  requirements  on  the 
part  of  tlie  publishers. 

3,6.2         Total  Co^L^^of  Jl^j^rod  ;Vl^lJ^A"A]l-lk^ijJj?L^^ 

The  total  co.st  of  reproiluction  and  di s trJ but! on>  shown  In  Table 
3,66  was  arriv^vl  at  using  a  cc'-',:lrp)- (  )  oa  of  techniques.     The  methodology  used 
depended  on  th(^   type  of  li  r  e  raturc- ,    that  is,  journaJs,  books  or  tL-cdniical  re- 
ports.    In  general,  v:e  felt  that  the  r..-:-.   accurate  approach  was  tsKfiWda^fc'-l'ffS'.T"'' 

3  0 '/ 
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the  nir.:;oer  of  i  t  ens  by  the  nvern^e  price  Hince  the  price  ber.t  reprcsentn  the 
cost  of  rep rueuc  t  ion  •  cmd  di.s  t ri bu L:  J  < >ii . 


Tabic 

3.  65 

ANALVSIS 

OF  PAC; 
SURV 

•  CllA'i'.GK  DATA  ]■ 
'.Y:  196o-1975 

;Of'i  AUTHOR 

Item 

1968 

1969 

1970 

1971  1072 

1973 

197A 

1975 

Percent  of  authors 
who  pay  page 
charges 

17.6 

15.0 

13.1 

19.3  36.7 

20.3 

27.9 

29.7 

Percent  of  autho;-K 
who  don ' t  pay 
page  cliargc's 

57.5 

63.1 

61.3 

66.8  52.9 

65.3 

66.2 

6A.3 

Percent  non- 
respondents  to 
this  q  I !  C!  i.  t  i  o  n 

2A.9 

21.9 

25.6 

13.8        10  Ji 

1^1.  A 

5.9 

6.0 

• 

Total  percent 

100.0 

100.0 

ino.o 

99.9  100.0 

100.0 

100.0 

100.0 

Average  page 
charge  pur 
article  fov 
paying  authors 

325 

275 

293 

226  256 

311 

A69 

335 

SOURCK:     Author  Survc 

■y,  Mar 

kct  Facts 

,  Inc., 

Center  for  Quantitative 

Sciences 

Thus  in  the    ca^c  oT  books  ^•:o  nultiplied  average  price  t  in'.es  the 
number  of  copier:  sold  each  year.     Thi'^  ficurc  vas  then  divided  by  1.05  to 
reduce  it  by  the  proFit  margin  reported  by  Fublisher's  Weekly  (is)- 

For  journal^',  we  conl^ined  i»riro  and  volii;.ie  data  for  foreign,  indi- 
vidual  and  1n.-U;  [  tutional  suhr.cr  i  berr. .     \'c  feel  that  tlie  l-<3tal  here  is  con- 
servative r;;i'nre,   ar.  v;e  d  I  .sru^;'--.ed  prev  i  oil.'-' 1  y ,    tliej-e  nio  other  sources  of 
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Table  3.66    ESTIMATED  TOTAL  COST  OF  REPRODUCTION  AND  DISTRIBUTION  OF  SCIENTIFIC  & 
TECHNICAL  JOURNALS,  BOOKS  AND  TECHNICAL  REPORTS:  1960-1980 


(Millions  of  Dollars) 


Year 

i  SiT 

'  Schol.irly  Journiifl 

5^1  Jmirii.iln 

SiT  l.lLcr.UiJrr 

1%0  

1 

88.5 

65.B 

- 

15'i.3 

1961  

113.2 

19^.2  

1 

171.9 

73.5 

- 

:»Vi.4 

m  

j  9^,9 

77.3 

0.7 

1?^.;  

! 

im 

B6.1 

0.8 

29'..  3 

m  

1  in.B 

27.1A 

2.0 

3211.1 

m  

124.7 

2,3 

35f».3 

i%i  

1 

1/.7.0 

29i.l 

118. A 

4.0 

4U.,5 

i%fl  

m.i 

342.1 

1-8,4 

3.8 

474.  J 

]%o  

1 

mi] 

142.5 

4,9 

yw.7 

vm  

130. a 

4.7 



lf,f).4 

5.5 

1972  

1 

573,9 

179.8 

8,3 

IQM  

: 

322.1 

189.7 

11.9 

AM. 4 



7:!!)./, 

12.4 

I9?j  

— —  niOJECTIONS  " 

"7/1 1. 1 

205.6 

13,3  ' 

m  

397,2 

21^.9 

15,Q 

t,ni7j 

1^7:  

{71.^ 

22^.3 

18.7 

1.11«.4 

m  

2K).6 

20.1 

1979   

500. 

24  7.  n 

22.5 

m)  

1  ,097.(1 

2V.2 

24.9 

l.l'M 

1960-65  .... 

1% 

 mm  met  ■ 

157 

108 

39f.5-)0  .... 

101 

102 

135 

92 

]9?n-75  .  ,  .  . 

M 

ir, 

5f» 

19?5-flO    1 

ki 

4fl 

?5 

87 

4/1 

I 
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income  to  journal  puulislTers  which  help  to  cover  reproduction  and  distribu- 
tion expenses. 

Technical  report  costs  are  sho\vTi  back  to  196*^  only  since  that  was 
the  first  year  for  which  the  data  were  reported  to  us.     Figures  shown  are 
only  for  NTIS  and  GPO,  and  should  not  be  taken  to  reflect  the  total  trend  in 
report  costs. 

3 • 7  Numeric  Data' Files 

Throughout  this  study  we  have  been  concerned  almost  exclusively  with 
the  communication  of  "information"  in  various  "packages".     These  packages  may 
be  journal  articles,  books,   technical  reports,  conferences,  bibliographies, 
reviews,  and  so  on.     The  package  itself  may  be  recorded  in  one  or  more  of 
several  forms;  print  on  paper,  microfilmed,  computer  generated,  or  even  in  the 
case  of  face~to-face  transfer  of  an  information  package,  not  recorded  at  all. 
In  any  event,  scientific  and  ^-*chnical  communication  has  been  addressed  in 
terms  of  package  transfer  mechanisms. 

3.7.1  Numeric  Data  Eases 

Numeric  data  bases  require  a  somewhat  different  approach  which 
created  immediate  problems  when  we  attempted  to  fit  them  into  the  cycle  of 
information  transfer  functions.     Computerization  of  quantitative  data  has  im- 
plications quite  different  from  the  computerization  of  bibliographic  references. 
In  theory,  each  "data  file"  could  be  considered  as  an  information  package,  not 
unlike  textual  packages  and  treated  similarly  in  terms  of  generation,  distri- 
bution, presentation,  and  so  on.     However,   this  limited  approach  Ignores  the 
distinguishing  features  of  direct  access  to  individual  factual  data  elements 
as  well  as  the  capability  for  computational  manipulation.     The  data  elements 
contained  in  such  a  numeric  file  are  available  to  the  sc^ientific  and  technical 
community  in  a  way  which  is  functionally  different  from  data  contained  in  most 
textual  information  packages. 

During  1975,  as  part  of  the  first  year's  effort  in  developing  sta- 
tistical indic^ators,  we  sought  to  identify,  within  the  framework  of  the  seven 
functions  of  the  information  transfer  cycle,  measures  of  growth  for  numeric 
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data  systems.     Tt  was  originally  felt  that  growth  could  be  measured  in  terms 
of  numbers  of* agencies  creating  and/or  maintaining  numberic  systems,  volumes 
of  data  elements  contained  (file  sizes),  numbers  of  users  with  direct  access, 
number  of  publications  generated  in  the  form  of  tabulations  rather  than  text, 
annual  costs  and  so  forth. 


With  the  possible  exception  of  dollars  expended  annually,  we  found 
no  satisfactory  measures  which  could  be  applied  to  numeric  data  systems  as  a 
single  group-     Even  the  dollar  measure  was  suspect  due  to  large  developmental 
and  start-up  costs  as  well  as  the  inadvisability  of  compa-     g  total  cost  to 
number  of  users,   file  size,  and  so  on.     These  conclizr-^ ons  were  a  d-frect  result 
of  meetings  with  staff  members  from  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA) ,  Environmental  Data  System,  the  National  Standard 
Reference  Data    System  (NSRDS)  of  National  Bureau  of  Standards   (NBS)  and  the 
U,  S.  Bureau  of  the  Census.     The  consensus  was  that  all  three  were  typical 
of  a  different  class  of  numeric  system  and  an  alternate  framework  would  need 
to  be  designed  in  order  ,to  develop  statistical  indicators  for  numeric  systems. 

The  three  distinct  classes  of  numerical  data  systems  are:     (1)  those 
collecting  and  analyzing  social  characteristics,   the  prime  example  of  which 
exists  in  the  U.  S.  Bureau  of  the  Census;   (2)   those  collecting  and  analyzing 
physical  values,   typified  by  the  data  bases  in  SRDS  and  (3)  those  monitoring 
(usually  automatically)  natural  phenomena,  such  as  the  environmental  systems 
of  NOAA  and  NASA's  satellite-recorded  data.     Such  measures  as  the  number  of 
data  systems  in  existence  over  time  appear  to  have  relevance  largely  within 
classes.     Even  more  dramatically,   the  size,  especially  if  measured  as  file 
size,   is  only  relcvent  within  class  and  results  might  be  misleading  if  aver- 
aged across  classes.     For  example,   file  sizes  in  NSRDS  are  dwarfed  by  those 
of  NASA  and  NOAA,  however  they  are  of  critical  importance  to  a  wide  ranee  o"" 
physical  scientists  and  engineers.     In  197A,  UT^ESCO-UNISIST  published  a 
"Study  on  the  Problems  of  Accessibility  and  Dissemination  of  Data  for  Science 
and  Technology"    (1A3) .  The  study  placed  considerable  emphasis  on  the  need  to 
identify  categories  of  numerical  data  files.     The  matrix  developed  in  that 
study  provides  the  best  basis  we  have  found  for  grouping  numerical  data  sys- 
tems by  charnr teristic .     In  all  cases,   the  seven  functions  of  the  communica- 
tions cycle  (including,  as  is  the  case  for  textual*  scientific  and  technical 
information,   the  bypassing  of  some  functions  in  some  sequences)  can  be 
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identified.     The  order  of  occurrence,  however,  may  vary  from  those  for  the 
textual  data  cycle. 

As  with  textual  information,  there  are  secondary  services  and  pro- 
ducts which  feed  on  numerical  data  bases.     These  may  include  such  services 
as  access  through  commercial  computer  networks  and  the  production  of  direc- 
tories of  data  bases. 

Coraputeriza  ion  itself  has  considerably  altered  the  utility  of  these 
resources.     The  prime  differences  are  the  quantity  of  data  elements  which  can 
be  accumulated  and  manipulated;  the  ability  to  update  and  correct  file  con- 
tents as  well  as  to  manipulate  them  mathematically  or  statistically.  Nonethele 
the  first  two  classes  of  census  and  physical  value  data  especially,  have 
a  long  history.     Physical  value  data  have  appeared  in  handbooks  for  centuries, 
and  censuses  were  known  in  antiquity. 

Computerization  of  numerical  data  also  affects  the  access  to  it. 
In  measuring  specific  functions,  for  example,  presentation  to  user,  we  feel 
that  the  grouping  of  systems  into  classes  is  necessary,  and  in  addition  a  cross 
classification  i-entifying  the  magnitude  of  the  potential  "audience"  appears 
to  be  required.     The  number  of  users   (and  the  growth  in  the  number  of  users) 
of  a  numerical  data  file  dealing  with  a  narrow  sub-specialty  may  be  expected 
to  be  small  and  to  remain  small,  while  at  the  same  time  effectively  reaching 
almost  100  percent  of  the  potential  users.     It  would  not  be  valid  to  compare 
the  magnitude  of  the  presentation  function  of  systems  of  this  type  with  the 
measures  for  the  presentation  function  of,  say,  the  decennial  census  and  all 
the  census  byproduct.-. 

Further  investigation  may  well  identify  systems  which  do  not  fit 
into  any  of  the  three  categories  and  additional  classes  may  have  to  be  added 
or  an  alternative  set  of  definitions  created.     No  classification  scheme  will 
be  perfect,  b  :  the  greatest  problem  is  that  a  set  of  definitions  developed 
to  apply  to  today's  systems    will  be  obsolete  before  trend  data  can  be 
applied.     Harold  Sackman  notes: 
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Today's  laboriously  reasoned  and  carefully  checked 
classification  scheme  may  well  become  obsolete 
tomorrow.     Perhaps  the  greatest  obstacle  in  the  path 
of  Successful  classification  is  the  refusal  to  face 
up  to  the  complexity  of  the  task  ....  Exploratory 
empirical  induction  is  one  of  the  first  steps,  based 
on  a  continuing  census  of  computer-based  systems, 
periodically  updated  to  keep  up  with  significant 
changes   (133) . 

These  words  are  as  true  today  as  ever.' 

Another  problem  in  dealing  with  the  changes  in  the  field  of  numeri- 
cal data  systems  is  the  necessity  of  recognizing  and  identifying  the  inter- 
relationships with  the  technologies  of  telecommunications  networks,  computer 
storage  access  and  software  capabilities. 

Any  consideration  of  numeric  data  files  inescapably  leads  to  Infor- 
mation Analysis  Center?,  for  it  is  in  these  centers  that  many  of  the  numeric 
data  files  originate  and  are  maintained. 

3,7,2  Information  Analysis  and  Data  Centers 

Although  formally  established  barely  two  decades  ago,  the  Informa- 
tion Analysis  Center  (lAC)  plays  an  increasingly  important  role  in  the  informa- 
tion transfer  chain. 

By  its  very  nature,  experimental  research  is  a  fragmented  activity: 
the  scientist's  attention  is  focused  on  the  immediate  task  and  he  carries  out 
an  experiment  (which  may  involve  a  measurement,  a  preparation,  demonstration 
of  a  principle,  etc.)  without  being  concerned  how  the  results  may  fit  into  the 
overall  structure  of  the  field  or  neighboring  disciplines.     Evaluation  of 
these  scattered  results  is  the  duty  of  the  scientist  at  the  next  echelon,  the 
theoretician  who  molds  the  data  into  a  form  which  yields  a  new  theory  or  a 
generally  valid  law  of  nature.     By  this  definition,  a  theoretical  physicist 
is  basically  functioning  as  an  information  center.     As  an  example,  the  Nuclear 
Data  Project  has  been  responsible  for  laying  the  foundations  of  the  nuclear 
shell  model.     The  structure  of  the  nucleus  became  obvious,  once  the  scientists 
stopped  looking  at  individual  features  and  considered  the  whole  picture. 
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Modcirn  tools,  such  as  nnl  ol  Til  rr;  couplcl  with  electronic  data  pro- 
cessing trchii-MUics,  laakc   it  po:.::it)lc  to  collect  a  trcmcivlous  volume  of  numeri- 
cal dnt'i;   at  liruC'S  jt  boc.o:;ics  necessary  to  slow  duvM  the  collection,  bocauf-.e  vo 
are  running  out  of  .space  to  record  thc^ii  properly  and  to  evaluate  the  flood  of 
data  (.'■^aLelli  tes  operating  continuouijly  use  up  in  a  few  days  all  the 

film  that  we  can  produce  in  a  ye:u-)  •  At.  times,  the  data  are  c-o  volurainous 
that  tho.  theoreticians  do  not  have  a  cliance  to  hr<ndle  them  and  to  evaluate 
them  prc.'ipcrly;   this  is  an  added  argu;:ient  to  secure  Iheiii  for  later  use. 


rhus,  in  addition  to  an  exar.iination  of  the  formally  established  data 
analysis  centers,   the  number  of  theoreticians  could  be  used  as  an  indicator 
of  the  grov/th  of  the  scientific  field  in  question.     If  sponsoring  agencies, 
historians  of  science,  research  directors,  etc.  want  to  be  able  to  follow  the 
progress  of  a  chosen  area,   the  increase  in  the  nurrbcr  of  center?^,  theoreticians 
and  review  article  authors  sliould  be  an  excellent  indicator  of  the  vitality  of 
the  field. 

Four  kinds  of  data  centers  can  be  identified,  not  all  of  which  pro- 
vide data  analysis  services: 

1.  An  extension  of  the  Special  Library  concept. 
Indexed  and/or  abstracted  collection. 
Products  are  bibliographies.  v:hich  r:ay  include 
annotation. 

2.  Document  collection  centers  where  documents 
undergo  critical^  review  for  content  regarding 
rellabi iTty'  and  validity  of  data.  Products 
are  reviev;  publications  v;hich  include  critical 
reviews  of  methodologies  and  state-of-the-art. 

3.  Numerical  data  collections  with  associated 
critical  review  and  aiuilysis. 

4.  Data  collection  files,  unrevicwcd,  but  available 
to  the  public.     Observationol ,  monitoring  daLa 
are  p.'inie  exai-nplcs.     Moy  produce  tabulations, 
but  basi  cal  1  y  no  anal  y  si  s  ol"  da  ta . 

"Data  centers*'  differ  froiTi  TAC's  in  tl^nt  they  generate  solely  numCi-ic 
data  (pliysics  predonn  n.-res)  ,  while  TAC's  gem-rally  add  textual  discussion  and 
journal  publication  is  the  pri.;.u-y  output.     The  distinguishing  feature  of  the 
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lAC  is  that  the  output  is  different  from  the  input,  in  that  critical  analysis, 
verification,  etc.  has  been  performed.     This  feature  distinguishes  them  from 
bibliographic  or  library  reference  systems  —  no  matter  how  deep  the  indexing 
or  how  detailed  the  data  items  that  are  available  via  such  services.     Part  of 
the  lAC  concept  is  that  information  generated  by  research  must  be  made  known 
to  colleagues  before  research' is  considered  completed.     Thus,   the  cost  of 
lAC's  could  be  categorized  as  would  page  charges. 

Multipurpose  laboratories  are  good  host  locations  for  lAC^s.  Although 
most  lAC's  are  supported  by  information  scientists,   they  preferably  should  not 
be  in  libraries  and  thus  too  far  removed  from  the  research  source.     There  is 
the  potential  in  the  future  that  researchers  in  the  same  discipline  could  send 
results  directly  to  an  lAC  rather  than  into  the  open  journal  literature.  The 
review  function  would  then  be  performed  along  with  critical  evaluation  of  re- 
search methodology,  reliability  of  results  and  relationships  to  similar  re- 
search perfonned  by  the  lAC. 

There  are  three  levels  of  data  availability:     raw  data;  adjusted 
data  (which  may  also  include  some  comparative  analysis);  and  filtered,  criti- 
cally evaluated  data.     The  observational  data  only  has  value  until  natural  laws 
are  established.     Measurement  data  is  data  from  a  controlled  (laboratory) 
situation. 

Numbers  of  requests  may  be  a  valid  measure  in  request-oriented  sys- 
tems.    However,  some  centers  are  orf^anized  to  pursue  orderly  progress  through 
a  series  of  subjects  (the  periodic  table,  for  example)  and  do  not  encourage 
reques  ts . 
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SECTION  4 


THE  ACQUISITION  AND  STORAGE  OF  INFORMATION 
4*1  Introduction 


The  acquisition  and  storage  function  includes  both  the  maintenance 
of  personal  collections  by  individual  scientists  and  engineers  and  the  more 
formal  development  of  collections  of  scientific  and  technical  literature  by 
libraries  and  other  information  centers.     While  personal  collections  are  im- 
portant sources  of  information  for  those  who  maintain  them,  their  public 
availability  and  thus  their  potential  influence,  is  limited.     Of  much  greater 
importance  from  the  point  of  view  of  information  f:'low  is  the  acquisition  and 
storage  of  bibliographic  materials  by  institutions,  particularly  libraries. 
These  collections  are  organized  so  that  materials  can  Le  retrieved  by  a  wide, 
community  of  users.     They  also  provide  a  permanent  archive  of  scientific 
achievement . 

The  importance  of  libraries  as  a  source  of  scientific  and  technical 
information  has  been  illustrated  by  the  results  of  our  author  survey.  I^en 
asked  to  indicate  the  source  of  access  of  articles  which  they  cited,  50  per- 
cent of  the  respondents  identified  libraries. 

As  with  the  acquisition  and  storage  function,  libraries  and  other 
information  centers  also  play  a  key  role  in  the  subsequent  functions  of  organi- 
zation and  control  and  presentation.     Basic  to  the  discussion  of  each  of  these 
functions  is  an  understanding  of  the  nature  of  libraries,  and  so  this  section 
begins  with  some  introductory  data  on  the  various  types  of  U.   S.  libraries. 

4 . 2  Library  Background  Information 

4.2,1  Types  o  f     i  ^  rar  ijes 

Libraries  are  generally  classified  as  academic,  public,  or  special 
according  to  the  primary  clientele  they  serve.     In  general,  academic  and 
special  libraries  play  a  more  significant  role  in  the  dissemination  of  scien- 
tific and  teciinical  information  than  do  public  libraries.     Two  groups  of 
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libraries  which  fit  into  more  than  one  of  the  three  classifications  and  serve 
as  important  sources  of  STT  are  research  libraries  and      deral  libraries. 

Research  libraries,  as  represented  by  the  membersliip  of  the  Associa- 
tion of  Research  Libraries  (ARL)  in  the  discussions  which  follow,  build  and 
maintain  extensive  collections  of  research  literature.     They  preserve  the 
record  of  the  achievements  of  science  and  technology  as  reflected  in  the  pub- 
lished literature.     It  is  these  libraries  that  assume  the  major  responsibility 
for  ensuring  that  research. ma terials  are  available  to  scientists  and  other 
scholars  when  they  are  needed.     Without  the  existence  of  such  libraries  the 
progress  of  scientific  investigation  would  be  considerably  impeded.     The  scien- 
tist would  have  no  obvious  source  to  go  to  for  a  record  of  the  scientific 
achievements  of  the  past  or  for  a  wide  selection  of  the  scientific  materials 
that  are  currently  being  produced  in  published  form.     The  existence  in  the 
United  States  of  many  large  and  important  research  libraries  tends  to  ensure 
that  any  scientific  document  of  value  is  available, will  continue  to  be  avail- 
able, and  that  serious  gaps  in  coverage  (and  hence  availability)  are  not 
allowed  to  occur. 

The  Federal  libraries  include  a  number  of  specialized  libraries. 
Of  the  2,313  Federal  libraries  identified  in  1972,  43  percent  were  classified 
as  special  or  technical.     Among  these  were  the  three  national  libraries  — 
the  Library  of  Congress,   the  National  Library  of  Medicine,  and  the  National 
Agricultural  Library  —  each  of  which  provides  extensive  informational  services 
to  both  individual  scientists  and  to  other  libraries. 

Closely  related  to  libraries,  information  centers  also  play  a  role 
in  the  scientific  and  technical  communication  process.     Like  special  libraries, 
information  centers  are  characterized  by  limited  subject  areas;  in  addition, 
the  term  information  center  implies  a  greater  depth  of  analysis  and  control 
and  frequently  more  advanced  services  such  as  evaluation  and  synthesis  of 
material  (^3).     Information  centers  may  also  include  raw  data  among  the 
materials  held. 

The  concept  of  an  information  center  is  sometimes  more  broadly  inter- 
preted to  encompass  any  unit  Involved  in  the  storage,  manipulation  or  provision 
of  information.     This  would  include  information  analysis  centers,  data  banks 
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and  the  like.     Our  use  of  the  term  Information  center  is  restricted  to  the 
narrower  definition  previously  specified,  and  other  information  service 
organizations  are  discussed  under  the  specific  function  they  serve, 

4.2.2  Sources  of  Library  Data 

Data  on  libraries  and  information  centers  are  available  from  a 
number  of  sources,   the  most  wide-ranging  of  which  is  the  Library  Surveys 
Branch  of  the  National  Center  for  Educational  Statistics  (NCES)  of  the  Office 
of  Education.     The  Office  of  Education  has  collected  and  published  library 
statistics  with  some  regularity  since  the  1870's,  and  work  currently  in  pro- 
cess involves  public,  school,  academic,  and  special  (Federal)  libraries  as 
well  as  library  manpower.     Under  development  is  the  Library  General  Informa- 
tion Survey  (LIBGIS)  program,  a  national  library  statistics  program  whose 
purpose  is  to  develop  a  national  library  statistics  data  system.     Such  a  sys- 
tem would  provide  consistent  and  comprehensive  data  on  all  libraries. 

Other  important  sources  of  library  data,  all  annual,  are  the 
Ameri^can  Library  Directory  (  3  )  ,   the  Academic  Library  Statistics  (  8  )  ,  Pre- 
pared by  the  Association  of  Research  Libraries   (ARL) ,  and  The  Past  and  Likely 
Future  of  58  Research  Libraries  (A6)  prepared  by  Purdue  University,  The 
Academic  Library  Statistics  covers  all  member  libraries  of  ARL;   the  Purdue 
compilations  presents  data  for  a  subset  of  58  of  these  institutions.  The 
Bowker  Annual  (18)  contains  summary  reports  and  data  compilations  from  several 
of  these  sources, 

4.2.3  Number  of  Libraries 

Table  4.1  presents  the  number  of  various  types  of  libraries  in  the 
U.  S,,  each  of  which  participates  to  some  extent  in  the  collection  and  dis- 
semination of  scientific  and  technical  information.     As  shown,   the  total  number 
of  libraries  has  increased  30  percent  in  the  last  ten  year  period,  with  aca- 
demic and  public  libraries  increasing  24  percent  each  and  special  librarie3 
40  percent.     According  to  these  figures  from  the  American  Library  Directory, 
the  number  of  academic  libraries  peaked  around  1970  and  has  been  decreasing 
since  that  time.     Comparable  NCKS  data  on  academic  libraries,  however,  shows 
a  more  steady  increase  from  2,175  in  1964  to  2,900  in  1975,  a  gain  of  33  percent, 
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 Year  

_l._ijir_cirj.c_s  

Spocf.nl'^^ 

.I-..!.kr.''."ii.^.^   .1-. 

Public 

Totn! 

4 

ARL 

rcacrai 

S&T 
TJbraricts 

1960  .... 

2,031 

3,972 

7 , 204 

13 ,  /.07 

A  O 

4v 

1961  .... 

2,028  ■ 

4,317 

5,487 

12,832 

49 

1962  .... 

2,024 

4,662 

5,770 

12,456 

49 

— 

1963  .... 

2,094 

5,020 

5,998 

13,112 

72 

196A  .... 

2,163 

5,377 

6,626 

14,166 

74 

1965  .... 

2,416 

5,542 

6,952 

14,910 

64 

503 

1966  .... 

2,668 

5,706 

7,278 

15,652 

64 

1967  .... 

2,781 

5,938 

7,346 

16,065 

70 

1968  .... 

2 , 894 

6,169 

7,415 

16,478 

71 

** 

1969  .... 

2,931 

6,419 

7,543  ■ 

16,893 

76 

1970  .... 

2,968 

6,669 

7,671 

17,308 

76 

...  .  ■ 

1971  .... 

2,846 

6,765. 

7,613 

17,224 

78 

1972  .... 

2,723 

6,861 

7,555 

17,139 

78 

995 

1973  .... 

2,705 

7,198 

7,870 

17,773 

81 

1974  .... 

2,685 

7,536 

8,185 

18,407 

82 

1960-65     .  . 

19 

 PERCf::.! 

40 

CHANGE 
-3 

13 

31 

1965-70     .  . 

23 

20 

10 

16 

19 

1964-74     .  . 

24 

40 

24 

30 

11 

University,  College  and  Juiii-or  Coll.e^^c  Libraries. 

2 

Special,   Law,  Me  d  i  c  a  J.  and  ?lc  1  i  g  i  o  i  s  L 1  b  r  r.  v  i  c-  s  . 
SOURCF-:  3 

The  BgwI:o  r_  Annii  n  1   o  f  J  Ah  r  a  ry_j:j :  1  v^l'^.T.O' '    J  ^.t  ion  ^  R .  R .  Boul:  e  r  Ccrnjjary , 

1961^1973.  ^  ~ "  "    " ' 


/X.ssoci a ti on  o. 


:rc:h  librpri-  J,  A-crf-an  l,ihi'nry  S  taf  J   L  i  c?^ ,  1960^1972. 


!Icitional  (  r  fcr  Educc:  I  ion:-.  I  5^tatis(.  i  cs  ,  S\\i\-"y  o:  I><!era1  Libraries, 
19  72. 
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The  ART.  libraries  are  included  in  the  academic  library  figures  but 
are  also  showii  separately.     Growth  in  ARL  membership  was  11  percent  over  the 
1964-1974  period.     Growth  in  Federal  scientific  and  technical  libraries  has 
been  significant,  with  the  number  of  such  libraries  almost  doubling  between 
1965  and  1972. 

^ • 2 • 4         Library  Expenditures 

In  addition  to  the  number  of  libraries,  another  reflection  of  the 
extent  of  library  services  provided  is  total  expenditures.    These  are  shown 
in  Tables  4.2  and  4.3  for  various  groups  of  libraries.     No  figures  are  avail- 
able for  all  special  libraries,  so  data  for  a  subset  of  these,   i.e.,  Federal 
S&T  library  activities,  is  presented.     From  the  tables  we  see  that  expendi- 
tures rose  229,  155  and  219  percent  respectively  in  academic,  public  and 
Federal  scientific  and  technical  libraries  in  the  1964-1974  period.  Constant 
dollar  expenditures  by  the  same  groups  rose  111,  63,  and  104  percent.  Per- 
centage increases  for  1969  to  1973  are  somewhat  greater  for  academic  libraries 
than  indicated  by  the  Indiana  study  (48)   (45%  versus  21  to  40%  for  three 
strata).     Public  library  data  compares  favorably  (48%  versus  47  to  53%  for 
three  strata). 

Stepwise  multiple  regression  was  utilized  to  project  expenditures 
for  the  different  types  of  libraries.     In  general,   the  best  predictor  was 
found  to  be  publishing  revenues,  with  enrollments  also  incorporated  in  the 
determination  of  academic  library  expenditures.     Projections  show  28  to  40 
percent  increases  in  expenditures  over  the  1975  to  1980  period,  suggesting 
that  the  decreasing  trend  in  the  rate  of  growth  of  expenditures  observed 
since  tlie  mid  1960's  will  continue. 

In  order  to  construct  a  total  expenditure  figure  for  scientific  and 
technical  library  activities,   it  is  necessary  to  determine,   for  each  library 
type,  what  part  of  the  total  expenditures  are  devoted  to  S&T.     The  chief 
factors  in  this  determination  would  be  the  percentage  of  material  expendi- 
tures for  SlStT  and  tlie  percentage  of  service  expenditures   (circulation,  reference, 
inter-library  loan)   for  S.'.T.     These  figures  are  not  widely  available,  bur 
consideration  of  a  number  of  partial  indicators,  mainly  for  individual  libraries, 
suggests  that  around  50  percent  of  academic  library  expenditures  and  10  percent 
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(Millions  of  Dollars) 


Tear 

1 

Acadmlc  ^ 
!  Llbrarlt;) 

Public 
Llbrar  i 

Ndaral  3 

SiT 
Libraries 

Total ^ 

S&T 
Libraries 

58  3 
Raaairch 

Libraries 

1960  .  .  . 

159 

397 
• 

27* 

146 

53 

1961  .  .  . 

184 

4U 

32« 

166 

62 

1962  .  .  . 

nz 

443 

37* 

188 

69 . 

1963  .  .  . 

247 

470 

43« 

214 

77 

1964  .  .  . 

276 

517 

48« 

238 

87 

1963  .  .  . 

320 

55A 

S3 

266 

101 

1966  .  .  . 

366 

600 

64« 

307 

U3 

1967  .  .  . 

416 

692 

76« 

353 

134 

1966  .  .  . 

510 

766 

a8« 

420 

UO 

1969  .  .  . 

585 

830 

99 

475 

166 

1970  .  .  . 

650 

923 

103 

320 

190 

1971  •  •  • 

737 

1.024 

117 

588 

199 

1972  .  .  . 

796 

1.079 

133 

639 

205 

1973  .  .  . 

890 

1.227 

136 

684 

215* 

1?7A  .  .  . 

909 

1.319 

153* 

739 

237* 

  PROJECTIONS*   

1975  .  .  . 

988 

1.407 

170 

804 

256 

1976  .  .  . 

1.043 

1.486 

179 

849 

275 

1977  ... 

1, 112 

1.583 

190 

904 

287 

1978  .  .  . 

1.180 

1.683 

200 

958 

315 

1979  .  .  . 

1.236 

1.769 

208 

1.003 

336 

1980  .   .  . 

1.303 

1.871 

218 

CHANCE   

1.057 

358 

1960-65  . 

101 

40 

96 

84 

84 

103 

67 

94 

OA 

OO 

1970-75  . 

52 

52 

65 

5S 

35 

1975-80  . 

32 

33 

28 

31 

40 

196A-74  . 

229 

155 

219 

211 

172 
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Obligations  for  M^najeacr.c.  ?r :;-:es s ir>^  and  Tr.ir.qr'er  or  5clt?n:iflc 
and  Technical  In:orraclcn>  ^n::^.  anc  T^cnnolo^v.  riscai  Years  1969- 
1973.  Vol.   III.  ^ 

4 

Market  Facts.  Inc.,  Center  for  ;uaatitative  Sciences. 

5 

Dunn.  Oliver  C.»  et.al..  The  ?2^:  md  likelv  ~ufjro  jf  53  -ese-irch 
Libraries ^   :951-19?Q:     A  SzaziszL^i\  5tu.:.-        Crjvr.n  .r.-:  ■,.Varc^/ 
1970-71  ealcion.  ~  ^ 

;j23 
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T:.l>lo  A.  3 


OTAr  F.vi^-niHTinu's  ro\'  Ac^mnc,  punr.ic  and  Fr.Di':[NAT, 

SCll'.N'i'U'IC  AND  Ti.Cl(\-T.CAT,  TJRIURIE5:  l'-;o()-1980 


(Millions  of 

Constant 

1967  Doll 

 '(e_f\v  . 

ACf.dt?.:alc 
 LI.  v>  

Public 

edcca 1 

local 

58 

Research 

i960  .  .  . 

181 

^  J  c 

31 

166 

63 

1951  .  .  . 

207 

36 

187 

70 

1952  .  .  . 

237 

*♦  7  / 

41 

209 

77 

1963  .  .  . 

271 

J  JLO 

47 

?35 

8A 

1964  .  .  . 

298 

52 

257 

94 

1965  .  .  . 

339 

JOO 

56 

284 

107 

1966  .  .  . 

378 

Q 

017 

66 

317 

117 

1967  .  .  . 

416 

07 

76 

'i-3' 

134 

1903  .  .  . 

490 

1  JO 

85 

404 

144 

1969  .  .  . 

537 

761 

91 

436 

152 

1970  .  .  . 

565 

803 

90 

452 

165 

1971  .  .  . 

613 

852 

7  / 

489 

165 

1072  .  .  . 

641 

1  n7 

514 

165 

1973  .  .  . 

648 

y  J  J 

521 

164 

1974  .  .  . 

628 

yii 

aoss  

511 

164 

19'5  .   .  . 

625 

 PRO-Ic-C 

390 

108 

50<? 

162 

X  7  /  y    •    •  • 

613 

331 

106 

503 

163 

1977  .   .  . 

617 

379 

105 

502 

159 

t  1  7  Q 

613 

874 

104 

493 

164 

1.  1  f  J     .     .  • 

603 

863 

102 

490 

164 

i.JZ\J    i,     •  . 

i 

! 

338 

100 

435 

164 

 ^l^rsCEuT 

J'L\mCE  

87 

30 

81 

71 

70 

1965-70 

67 

37 

61 

59 

54 

I? 70- 75  . 

!1 

11 

20 

13 

-2 

-4 

-4 

"1 

-5 

1 

:':'",4-74  . 

III 

I 

63 

104 

99 

74 

I.     '  i  <:  1  L   ;J  •  i 

\  .     >.   -  .  ■  c  r  ,  , 

2r)() 


of  public  library  expend  i  I \i  r^'S  ;ire  riLU*^"!  to  j;r  f^^Mt  Lfi  c  trcbiiical  infotiU;; 

tlon,  Acldln;:  f!i(-;o  ri{;ni'i'r;  in  Mi.-  Let;:!  CNiU'ii.! '  1 1  rcr;  Tor  I'rdfTal  Sf/f  jibrarlr* 
yields  Lbo  (ot;.!!  o>  [hmuI  1.  t:ur»  s  :;hr-v'ii  in  T,tlilc«s  ^,2  aiul  A,?,  Aj>iJn  iL  should  he 
notru  Lliar   l  ln/se   riguic;;  e>:i:lu(]i^  ii:u;-r.'';.  r.pi-fMal  lil-raiics  and   Ihiis  under:- 

estiiKiio  lot.jl    c^yricnd  i  tur ,   p:.:vlia|.r.  by  a:;  ii  ucli  as  .^0  [j^rcont;. 

As  shov:n,   total  fxpnnd  i  ( uro  TI^Mirt.'S  rose  fro  inilliL-ii  In  ]96A 

to  $739  rn'lllon  in  197A,  cn  Jncrcr.--.-  oT  .?Ji  pcicoiil.     In  coDrA.r.l  d'Hlar  terms 
the  incroa?'.(.'  ovcl-  tlv.:  liar.^p  pcricul  \'a^.  O')  percent.     Projectiouc;  are  based  on 
the  nirubor  of  so  i  (!n  t  is  Li:;  nr.d  enj-ViiKcrs  n.";  sbo\.:i  in  Fi^uic  A.l   (r^  ^  ,93). 
They  indicate  thai  [^^iT  library  expcpali Lures  siiould  rise  to  $1,057  nillion  in 
^urrent  dollars  and  $An5  trillion  in  censt.'niL  dollars  by  1980. 


Figure  A.l       TOTAL  SCIKNTIFIC  A::i)  ir.CllNlCAl.  LTHi;.\Ry  EXTElNDITliP.ES 
?KR  SCTHNTIST  -  1967  CO:;r>TA?:T  DOLLARf. :  1960-1980 
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A  data  i  t  on  of  soi.ic:  inleri^l   is  the  avarnge  library  e-xnotiil  i  fare  per 
individual  sci^'utisL.     Since  a  iH^ijcr  pcMM'oij  of  libr^-ry  expenditures  are  for 
aeaderfie  libraries,  .Sc^;T  ^'^radualc  sre-le!:?:?;  ar.  vcl'i   as  rcicatists  art.*  iaaluded 
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In  the  estimation  of  sclotitiflc  manpower*     Average  library  oxpendlturu  per  scientist 
vising  constant  dollar  expenditures  from  Tabic  4.3  and  manpower  estimates 
from  Tables  2.5  and  2.26  are  sIio\Nrn  in  Table  4.  A  and  Figure  4.2.     The  expendi- 
ture per  scientist  ranges  from  $110  in  1960  to  $175  in  1972  and  then  remains 
fairly  constant.     The  Increase  between  1964  and  1974  was  only  28  percent,  in 
contrast  with  the  99  percent  increase  in  total  constant  dollar  expenditures. 

4.2.5  Library  Holdings 

Yet  another  indication  of  library  services  available  to  the  scien- 
tific and  technical  community  is  the  number  of  volumes  held  by  libraries. 
Academic  library  holdings  are  shown  in  Table  4.5,  and  indicate  a  90  percent 
growth  between  1964  and  1974.     Using  these  figures  and  the  S&T  materials 
budgets  of  other  types  of  libraries,  an  approximation  of  the  number  of  library 
volumes  available  per  scientist  (including  graduate  studepts)  can  be  made. 
We  estimate  that  this  value  has  grown  from  83  volumes  In  1964  to  101  in  1974, 
an  increase  of  22  percent.     Compared  with  a  growth  of  63  percent  in  books 
published  and  22  percent  in  journals  published  over  the  same  period,  the 
scientist's  access  to  the  literature  would  appear  to  have  decreased.  This 
factor  may  be  counterbalanced  by  increased  access  to  materials  via  library 
networking. 

4.2.6  Library  Networks 

Like  other  organizations  involved  in  the  communication  of  scientific 
and  technical  information,  libraries  in  recent  years  have  been  faced  with  sub- 
stantial increases  in  costs,  volume  of  materials  available  and  demand  for  their 
services.     Library  budgets  have  not  been  adequate  to  deal  with  these  increases, 
and  a  variety  of  measures  have  been  applied  in  attempts  to  close  the  resulting 
gap,   i.e.,   to  provide  increased  services  r^t  available  budget  levels.  Chief 
among  the  measures  taken  have  been  the  automation  of  technical  processing  and 
other  functions  and  the  formation  of  resource  sharing  networks,     ^^en  successful, 
these  efforts  can  result  in  lower  unit  service  costs  and  increased  quality  of 
services . 

Automation  programs  have  been  developed  in  the  areas  of  materials 
acquisition,  cataloging  and  card  production,  circulation,  reference,  and  a 
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Table  4.4      TOTAL  SCIENTIFIC  AND  TECHNICAL  LIBRARY  EXPKNDITURES 

PER  SCIENTIST:  1960-1980 


Year 

local  S&T  ^ 
Library  ExpondlCures 
(Constant  $)* 
fMlllions) 

Number  of  Scientists 
and  Science  Graduate 
Students^ 

(000) 

Expenditure 
per  Scientist 
(Constant  $) 

1960  .  .  . 

166 

1,515 

110 

1961  .  .  . 

187 

1,596 

117 

1962  .  .  . 

209 

1,694 

123 

1963  .  .  . 

235 

1,867 

126 

1964  .  .  . 

257        .  • 

2,004 

128 

1965  .  .  . 

284 

2,139 

133 

1966  .  .  . 

317 

2,269 

:'-o 

1967  .  .  . 

353 

2,427 

145 

1968  .  .  . 

404 

2,534 

159 

1969  .  .  . 

436 

2,680 

163 

1970  .  .  . 

452 

2,828 

160 

1971  .  .  . 

489 

2,846 

172 

1972  .  .  . 

514 

2,937 

175 

1973  .   .  . 

521 

3,046 

171 

1974  .  .  . 

511 

'  14 

164 

  PROJECTIONS 

1975  .   .  . 

560 

3,189 

165 

1976  .   .  . 

585 

3,280 

164 

1977  .   .  . 

611 

3,370 

164 

1978  .  .  . 

637 

3,454 

163 

1979  .   .  . 

665 

3,530 

164 

1980  .   .  . 

692 

3,608 

164 

cma:ige 

  PERCENT 

1960-65  . 

71 

/U 

2X 

1965-70  . 

59 

32 

20 

1970-75  . 

24 

13 

3 

1975-80  . 

24 

13 

-1 

1964-74  . 

99 

55  . 

28 

Using  GNP  implicit  price  deflator  (1975-19hO  N?A)  to  obtain  1967  Constant  Dollars. 
1 

SOURCE:      Taken  from  Table  4.3 
2 

Taken  from  Table  2.26  and  2.5. 

3 

Market  Facts,  Inc.»,  Center  tor  Quantitative  Sciences. 
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4.2  SCIENTIFIC  m  mm.^  iimm  mmmm  as  a  function  of  the  mm  of  scientists  and 

ENGINEERS  IN  CONSTiNT  DOLLARS:  1960-1980 
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SOURCE:  Market  Facts,  Inc.,  Center  for  Quantitative  Sciences. 


Table  ^(.5 


1960-1974 


(MillionrO 


Year 

 hih) 

AcaclemiLC 
I'.LV-ii'jlll 

1 

.i  iir.s 

58  RcKearch  2 
Libr^iry  Iloldingr. 

J. • 

i 

189 

73 

1961 

201 

76 

JL  7  U  ^  • 

215 

81 

JL  7  U  • 

227 

84 

1964 

240 

86 

1965 

265 

91- 

1966 

283 

96 

1967  . 

295 

101 

1968  . 

305 

114 

1969  . 

329 

110 

1970  . 

354 

116 

380 

121 

405 

132^ 

1973  .  . 

1 

430 

139^ 

1974   .  . 

1 

! 

455 

145®" 

i 

40 

1960-65 

25 

1965-70 

34 

27  • 

1964-74 

90 

69 

e 

SOUKCK: 

FcxCt.K'y  Tuc 
1 

. ,  Cen  Lcr 

1-  Ar;i'."1 

for  Qu,-:n 
of;  T.riT. 

titati.vc.  Sc'icncfs. 
rj-  nn;l  Poo!--  7''c<.'t.^. 

Info i ;i;ui  t j  o_fi ,  R .  R . 

.i';yj 

]  975. 

ERIC 


Dunuj   Olive  r  C.  ^   ct-.r,]  .  .  Tho  rn^  l  nnd  I  ^ ' '^ly  . Research 

Li  L>*.-T.» ' ,   1  9 '  -  '  ^-^'-0 /.  S i.  .\ i^i i  i  Cc^l  S I'lx^y  of.  (o  owni  and  Cj|ajvv>, 
19/6-71  (  /.i  c.icti. 
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number  of  managerial  functions.    Perhaps  the  greatest  impact  has  been  felt 
as  a  result  of  shared  cataloging  systems  Ohio  College  Library  Center^ 

with  which  participating  libraries  can  r-:  :rievi  c  taloging  data  produced  by 
the  Library  of  Congress  or  another  librar^.     modi  y  it  as  necessary,  and  auto- 
matically produce  tailor-made  catalog  cards.     Such  systems  eliminate  much 
previous  duplication  of  effort,  and  the  data  base  generated  can  serve  a  number 
of  additional  functions.     Cooperative  cataloging  efforts  will  be  further  dis- 
cussed in  Section  5,  Organization  and  Control. 

Library  networks  or  consortia  have  been  in  existence  almost  as  long 
as  libraries  but  have  grown  considerably  in  number  in  recent  years.  Such 
cooperatives  may  be  formed  to  share  materials,  equipment,  personnel,  or  services, 
but  most  often  are  concerned  with  the  inter-library  loan  of  materials  or  the 
shared  use  of  automated  systems.     Networks  are  thus  further  discussed  under 
Section  6.1.2,  Interlibrary  Loan,  and  Section  5.1,  Library  Cataloging. 

4 . 3  Library  Acquisitions 

4.3.1         Acquisitions  and  Expenditure  Data 

Returning  to  the  acquisition  and  storage  function.  Tables  4.6  and 
4.7  present  the  materials  expenditures  for  various  types  of  libraries  in 
current  and  constant  dollars.    As  shown,  total  S&T  materials  expenditures  in- 
creased 233  percent  between  1964  and  1974,  compared  with  an  increase  of  211 
percent  for  total  expenditures.     Projections  indicate  that  materials  expendi- 
tures will  rise  to  $289  million  in  current  dollars  and  $132  million  in  constant 
dollars  by  1980.     In  constant  dollar  terms,  this  amounts  to  a  five  percent 
decrease  over  the  1975  -  1980  period. 

Volumes  added  to  academic  libraries  and  the  58  large  research 
libraries  are  shown  in  Table  4.8.     Considering  the  58  percent  academic  re- 
search libraries,  we  saw  in  Table  4.5  that  they  have  grown  in  size  approxi- 
mately 49  percent  over  the  period  1962  -  1972,  an  average  annual  growth  of 
slightly  over  four  percent  a  year.     Table  4.8  shows,  however,   that  the  per- 
centage change  in  rate  of  acquisition  (number  of  volumes  added  per  year)  is 
quite  erratic  over  the 'period  and  in  some  years  reached  negative  values.  The 
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Table  A.  6      MATERIAL  EXPENDITURES  ^OR  ACADEMIC,  PUBLIC  AND  FEDERAL 
SCIENTIFIC  AND  TECHNICAL  LIBRARIES:  1960-1980 


T«4r 

Public  2 
!,ibrarta« 

rcdiral 

54T  3 
^lbr«rla« 

tocti 
SiT  MtctrlAl^ 

_     56-  ^ 
sascarch  . 

Llbrirla* 

1960  .  .  . 

48 

66 

6 

36 

17.9 

IHl  ,  .  . 

56 

66 

7 

61 

20.6 

1M2  .  .  . 

63 

71 

8 

68 

23.1 

1H3  .  .  * 

81 

71 

10 

38 

26.0 

I9M  .  .  . 

90 

72 

U 

63 

30.0 

m5  .  .  . 

lU 

72 

12  * 

75 

36.3 

1M4  .  .  . 

136 

90 

19 

91 

39.0 

1M7  •  •  • 

156 

106 

17 

105 

47.9 

I9U  .  .  . 

188 

113 

20 

126 

33.3 

1H9  .  .  . 

213 

141 

23 

lU 

37.8 

1970  .  .  . 

230 

175 

26 

156 

66.9 

1971  .  .  . 

247 

186 

27 

169 

67.3 

1972  .  .  . 

260 

205 

31 

182 

64.8 

Ifl3  .  .  • 

283 

209 

31 

193 

66.7 

1974  .  .  . 

306 

33 

210 

75.9 

 FMJtCTIOHS"   

1975  .  .  . 

314 

247 

38 

220 

74.7 

1976  .  •  • 

331 

265 

41 

233 

1977  .  .  . 

34,9 

283 

43 

247 

86.6 

1978  .  .  . 

363 

307 

47 

261 

93.0 

1979  .  .  . 

386 

329 

49 

273  • 

99.6 

1900  .  .  . 

404 

352 

32 

289 

106.5 

 mccrr 

CHAKCI  — 

1960-63  . 

131 

12 

100 

108 

103 

1963-70  . 

107 

143 

100 

108 

84 

1970-75  . 

37 

41 

38 

41 

U 

1975-80  . 

29 

63 

37 

31 

43 

1964-74  . 

240 

2U 

218 

233 

153 

MArlcac  races.  Inc.,  Cantar  for  Qu«ntlcaciva  Sciaacai. 
1 

SOOlCtS:      TtB  Bowker  Aficml  of  Llbrir?  tr.d  3oak  Trada  Infaraisloa.  K.X.  Sovicat  Co«9*a7» 
1971.  IJ/'i.  1975. 

2 

Coldhor,  Harbart,  "^^a  tndlcas       Aacrlcaa  ?ubllc  Library  Scaclscicj.'* 
April  1973  (uQpubllshad  pap«r) . 

3 

7lAnnas,  ?.N.,  ccal.;  elaport  :f  :ha  O  Hoc  Croup:    f^deriL  Ag<ney 
QbHttrlont  ^or  ?<jnagtT>ent ^  Proet^slr.^  ind  Trinst<r  ii  Seignztflj 
and  T<enni:al  Ir.r'araatiJn,  ir.t  Teennoljjy.  Tiical  V«ar»  ;969- 

1973.  Vol. 

4 

Iterkac  racCk-,  lac,  Cancaf  for  >^aoCi:«tiva  Sclancrs. 

5 

Dunn,  Ollvar  C.  tCal.,  The  ^irt  ir.i  li<s>  ?iriTt  ti  59  \<»<jr;r. 
t,lbrart€^.  •.95I-l<)'?0:    A  Sci : n:'. : 1 1  at-jcy  n"  ;r3w:^.  .ind 
19'0-'1  aiirion. 
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Table  4.7      MATERIAL  EXPENDITURES  FOR  ACADEMIC,  PUBLIC,  AND  FEDERAL 
SCIENTIFIC  AND  TECHNICAL  LIBRARIES:  1960-1930 


(Millions  of  Constant  1967  Dollars)* 


Federal  Total  58 

Academic  Public  S&T  S&T  Material  Research 

Libraries         libraries         libraries         Expenditures  Libraries 


1960  .  .  . 

1 

1  55 

73 

7 

A1 

20 

1961  ... 

63 

74 

a 
o 

23 

1962  .  .  . 

72 

80 

Q 

CI 

26 

1963  .  .  . 

89 

78 

CA 

29 

1964  .  .  . 

97 

7fl 

CQ 
OO 

32 

1965  .  •  . 

lis 

/  o 

IJ 

39 

1966  .  .  . 

138 

93 

15 

94 

40 

1967  .  .  . 

j  156 

104 

17 

105 

48 

1968  .  .  . 

j  181 

111 
111 

19 

121 

51 

1969  .  .  . 

!  195 

1 

1^7 

"51 

132 

53 

1970  .  .  . 

j  200 

"51 
a1 

136 

58 

1971  .  .  . 

!  205 

1 

l^J 

99 

141 

56 

1972  .  .  . 

i  209 

1 

lO  J 

<9  C 

2j 

140 

52 

1973  .  .  . 

1  216 

159 

24 

147 

51 

1974  .  .  . 

i 

j  212 

1 

155 

24 

145 

52 

1975  .  .  . 

199 

156 

—  PROJECTIONS   

9A 

47 

1976  .  .  . 

196 

157 

9A 

138 

47 

1977  .  .  . 

1  JO 

9/. 

137 

48  * 

1978  .  .  . 

159 

24 

136 

48 

1979  .  .  . 

188 

1d1 

24 

134 

49 

1980  .  .  . 

185 

161 

24 

132 

49 

1960-65  . 

115 

4 

PERCENT  CHANGE   

86 

95 

95 

1965-70  . 

69 

100 

62 

70 

49 

1970-75  . 

0 

3 

14 

2 

-19 

1975-80  . 

-7 

3 

0 

-5 

4 

1964-74  . 

119 

99 

100 

113 

63 

Using  CNP  implicit  price  deflator  (1975-1980  NPA) . 
SOUPXE:    Market  Facts,  Inc.  Center  for  Quantitative  Sciences.    Based  on  Table  4.6, 
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Table  A.R      VCLl):-nS  A])])Vro  'iO  ACADEMIC  L  IliKARl  KS :  1560-1974 


(Thousands) 


Yonr 

Acacloi.u  c 
Librarlo.5; 
Volnrso^  AddL-u(^^OO) 

58  Rftsoarcli 
Percent  Librnries 
Chani;e          Volumes  Added  (000) 

Percent 
Chan^;e 

1960  .  . 

9,400 

2,843 

mm 

1961  .  . 

10,900 

16 

3,045 

7 

1962  .  . 

12,300 

13 

3,369 

11 

1963  .  . 

13,600 

11 

3,8A5 

14 

1964  .  . 

15,000 

10 

4,054 

5 

1965  .  . 

18,000 

20 

4,522 

12 

1966  .  . 

20,000 

11 

4,992 

10 

1967  .  . 

22,000 

10 

5,430 

9 

1968  .  . 

25,000 

lA 

6,420 

18 

1969  .  . 

26,000 

4 

5,872 

-9 

1970  .  . 

26,000 

0 

6.207 

6 

1971  .  . 

25,000 

-4 

6,193 

0 

1972  .  . 

25,000 

0 

6,800 

10 

1973  .  . 

25,000 

0 

7  200^ 

6 

1974  .  . 

25,000 

0 

7,500^ 

4 

e 
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period  up  to  1968  seems  to  be  one  of  general  expansion,  while  the  years  1968  - 
1974  show  a  much  slower  rate  of  growth. 

Comparison  of  library  figures  for  material  growth  and  costs  with 
the  figures  for  publication  growth  and  costs  is  of  considerable  interest. 
Some  of  these  comparisons  must,  however,  be  made  cautiously.    We  cannot,  for 
exavaple,  directly  compare  the  estimates  for  number  of  items  published  with 
estimates  for  growth  of  libraries  since  the  former  figure  represents  number 
of  titles  and  the  latter  number  of  volumes .     There  should,  however,  be  a 
reasonable  quantitative  correlation  between  the  two.     That  is,  one  might 
reasonably  expect  that  the  growth  of  the  great  research  libraries,  in  number 
of  volumes,  should  reasonably  parallel  the  growth  in  the  published  literature 
measured  in  terms  of  new  items. 

One  fact  worth  noting  is  that,  at  least  in  the  period  1965  -  1972, 
the  58  research  libraries  seem  to  have  gro™  at  approximately  the  same  rate 
as  the  published  literature,  despite  individual  fluctuations  from  year  to  year. 
Table  3.2  indicates  that  the  number  of  new  book  titles  and  editions  published 
in  the  United  States  has  been  increasing  incrementally  at  an  average  annual 
rate  of  about  5.8  percent.     In  1972  there  were  about  A8  percent  more  new  books 
published  in  the  U.S.   than  in  1965.     But,  on  the  average,   the  58  research 
libraries  added  50  percent  more  volumes  in  1972  than  they  did  in  1965.  Even 
allowing  for  the  fact  that  the  publication  figure  is  based  only  on  boQk-4:-itl€S" 
and  that  the  library  figure  is  based  on  library  volumes   (including  volumes 
of  periodicals)   the  two  figures  are  remarkably  close  and  do  give  some  indica- 
tion that,  so  far  at  least,   the  major  academic  libraries  in  the  United  States 
have  been  able  to  keep  up  reasonably  well  with  the  exponential  growth  of  the 
published  literature.     If  we  accept  the  UNESCO  (1A5)  figures  for  rate  of  growth 
of  the  world  literature,  as  reflected  in  Table  3.1,   the  library  rate  of  growth 
appears  in  an  even  more  favorable  light  because  the  rate  of  growth  in  U.S. 
book  production  in  the  last  decade  (Table  3.2)  has  considerably  exceeded  the 
world  production  rate  indicated  by  the  UNESCO  figures. 

Nevertheless,  while  the  data  indicate  that,  over  the  long  haul,  the 
major  research  libraries  have  been  growing  incrementally  at  about  the  same 
rate  as  some  major  indicators  of  publication  growth,   the  figures  do  have  some 
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disquieting  aspects.     Most  of  the  rate  of  growth  reflected  in  Table  4.8 
applies  to  an  expansionary  period  from  1965  to  1968,  coinciding  with  a  period 
of  general  economic  upswing  in  the  country.     The  period  1968  to  1972,  how- 
ever, was  a  period  in  which  these  libraries  grew  at  a  very  much  lower  rate, 
failing  in  fact  to  match  the  rate  of  growth  of  the  published  literature. 
Thus  economic  factors  seem  to  be  threatening  the  ability  of  even  the  major 
research  libraries  to  keep  pace  with  the  growth  of  the  literature. 

A  very  valuable  analysis  of  the  economics  of  academic  libraries  in 
the  United  States  was  published  in  1973  by  Baumol  and  Marcus.     Their  report. 
Economics  of  Academic  Libraries  (lO) ,  is  based  on  data  from  the  Purdue  University 
collection  of  data  for  58  research  libraries  and  covers  the  period  1950-51  to 
1968-69.     Baumol  and  Marcus  point  out  that  the  larger,  more  well  established 
libraries  are  growing  more  slowly  than  the  relatively  smaller  libraries  (3.5 
percent  per  annum  growth  as  compared  with  a  5.4  percent  per  annum  growth),  and 
that  all  libraries  in  the  group  will  tend  to  equalize  the  size  of  their 
collections  in  time.     The  difference  in  size  between  the  largest  libraries  and 
the  smallest  libraries  is  now  being  reduced  at  a  rate  of  about  two  percent  per 
annum. 

An  approximate  measure  of  the  effect  of  inflation  on  acquisitions 
costs  is  reflected  in  the  difference  between  rat^.  of  increase  in  materials 
expenditures  and  rate  of  increase  in  volumes  added.     Thus,  in  1972  the  58 
libraries  represented  added  only  50  percent  more  volumes  than  they  did  in  1965 
although  their  materials  budgets  were  79  percent  greater.     Baumol  and  Marcus 
show  that,  from  1950-51  to  1968-69,  average  library  expenditures  increased  by 
more  than  ten  percent  per  annum  but  inputs  to  the  library  (of  materials  and  staff) 
increased  only  five  to  seven  percent,  the  difference  being  absorbed  by  rising 
personnel  and  materials  costs. 

By  way  of  comparison  with  the  growth  of  the  large  academic  libraries, 
Table  4.9  presents  some  figures  relating  to  the  growth  of  the  Library  of 
Congress.     These  figures  too  must  be  viewed  with  some  caution  because  the 
Library  of  Congress  counts  ''pieces"  rather  than  volumes.     The  acquisition  of 
the  Look  pictorial  file  in  1972,'  for  example,  caused  a  substantial  increase  in 
the  total  holdings  as  measured  in  pieces.     Discounting  this,  however,  the 
Library  of  Congress  has  been  growing  at  a  rather  slow  pace  since  1965,  at  a 
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Table  4,9     GROWTH  OF  THE  LIBRARY  OF  CONGRESS;  1965-1973 


Year 

Millions  of 
Pieces  Added 

Percent 

Chnn.'ie 

Science 

Titles  Added 
Medicine    Agriculture  TechnoloKV 

1965  .  .  . 

53.311 

7,213 

2,412 

1,798 

8,702 

1966  .  .  . 

54.289 

1  o 

1.8 

7,144 

2,676 

1,891 

9,135 

196/  .  .  . 

55. 457 

2.2 

7,541 

2,852 

2,095 

9, fin 

1968  .  .  . 

5K./,63 

5.4 

8,(i01 

4,165 

3,355 

12,538 

1969  .  .  . 

59.891 

2.4 

12,483 

4,319 

4,694 

\m 

1970  .  .  . 

62.954 

5.1 

15,387 

5,172 

4,833 

16,375 

1971  .  .  . 

64.465 

2.4 

14,160 

4,804 

3,775 

19,918 

1972  .  .  . 

71.196'' 

10.3 

16,923 

5,350 

5,881 

21,090 

1973  .  .  . 

72.467 

1.9 

14,020 

5,243 

5,426 

16,952 

Acquisition  of  Look  pictorial  file. 


SOURCE:  Annual  Report  of  the  Librarian  of  Congress,  Fiscal  Years  1965-1973. 
Figures  represent  holdings  on  June  3()th  of  each  year. 


rate  In  fact  of  a  little  over  three  percent  a  year  on  the  average  (a  growth 
of  about  21  percent  from  1965  to  1971).    This  is  slower  than  the  rate  of  growth 
of  the  academic  libraries,  as  indicated  in  Table  4.8,  and  may  perhaps  be  re- 
garded  as  further  support  of  the.  Baumol  and  Marcus  contention  that  the  smaller 
research  libraries  are  growing  faster  than  the  larger  and  that  there  is  a 
tendency  for  the  two  groups  to  converge  towards  a  common  size. 

Of  particular  interest  in  Table  4.9  are  the  figures  relating  to  titles 
added  in  various  fields  of  science.     In  science,  medicine  and  technology  the 
number  of  new  titles  added  by  the  Library  of  Congress  in  1973  was  approximately 
twice  the  number  added  in  1965-     Average  annual  increments  of  growth  in  science 
and  technology,  then,  are  of  the  order  of  ten  percent  for  the  period.  1965  to 
1973,  which  is  substantially  greater  than  the  increments  of  growth  of  the  ARL 
member  libraries  in  this  period,  as  indicated  in  Table  4.8.     In  the  field  of 
agriculture  the  growth  rate  at  the  Library  of  Congress  has  been  even  greater, 
with  acquisitions  in  1973  at  a  level  three  times  above  the  level  of  acquisi- 
tions in  1965. 

4.3.2         Types  of  Materials  Acquired 

Acquisition  figures  presented  in  the  previous  section  include  books, 
periodicals,  technical  reports  and  other  items.     Depending  on  the  type  of 
library,   the  proportions  of  the  materials  budget  allotted  to  each  of  these 
categories  vary  significantly,  and  these  proportions  change  over  time  as  the 
nature  of  available  materials  and  patron  demand  fluctuates. 

Table  4.10  presents  the  proportion  of  materials  budgets  expended  on 
books,  serials,  and  other  materials  by  academic,  public,  and  special  libraries. 
Taken  from  the  Indiana  study,  results  are  given  for  four  strata  of  academic 
libraries,  three  of  public  libraries,  and  two  of  special  libraries.  Overall, 
the  greatest  prirt  of  the  materials  budget  is  spent  on  books  in  academic  and 
public  libraries  (54-81  percent  and  80-88  percent  respectively)  and  on  serials 
in  special  librar-es   (63-72  percent).     Academic  libraries  also  purchase  a 
large  volume  of  serials  (18-46  percent),  and  the  public  libraries  acquire  the 
only  significant  proportion  of  other  materials. 
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Tiiblc  ^kTO      M1:1)1AN  rLKClviTrAGL:  OK  MA'il.UJAI.S  KLlU'ii'T:  10&9-1973 

(Percent) 


(d-U) 


'Strata  bcn<J 


WO-ICOC*                   19'./  .  .  . 
(n*2i) 

1971  .  .  . 
1573 

17.5           80. t  2.9 
24.8  7.9 
26.0          69.1  &.9 

1001-2000                  196'»  .  .  . 
(n-29) 

1971  .  .  . 
1973  .  .  . 

27.5           70.2  2.3 
31.0           65.3  3.7 
3^.3           61.8  3.9 

2001-J300                   1969  .   .  . 
(n-52> 

1971  .  .  . 
197J  .  .  . 

79.1  70. S  0.1 
34.6          65.3  O.l 

43.2  56.5  0.4 

>KJ0O                        1967  .  .  . 
(0-73) 

1971   .  .  . 
1973  .  . 

33.1           66.7  0.2 
39.9          59.8  f/.) 
&6.1           53.7  0.2 

71It-15C?:^                  191?  .  .  . 
(t»-27) 

197L  .   .  . 
1973  ... 

rUBi:C  LlftR-UIES 
8.0           87.7  4.3 
8.5           S'..7  6.S 
9.2           8t.2  0.8 

150P:-300<                   19-v9  .   .   .  ! 
ln-35) 

19;3  .  .  . 

9.5          8;. 3  5.9 
9.:          8^.0  6.S 
10.3          80.1.  9.3 

OOO                          1969  ... 

1971  •  •  ■  1 
1973  '  *  '  j 

9.4           85.7  &.9 
10.1          83.6  6.3 
11 .0           80.4  8.6 

350k-'                         1969  .  .  . 

(p-2:) 

1971  .   .  . 
1973  .  .  . 

SFKCIAL  LI!'-<A«!rtS 

65.1  3). 5          1 .4 

63.2  36.7  0.1 
60. S           35.  7  3.8 

1969  .   .  . 

70.5 

29, i 

O.I 

19  ;i  .  .  . 

;       67. J 

31.9 

0.8 

197J  .   .  . 

i 

77.2 

25.7 

7.1 

Ver  of  ;c:     i'.  : »]%  Y.e'.ii. 
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Between  1969  and  1973,  the  proportion  of  funds  expended  on  serials 
generally  increased,  with  an  accompanying  decrease  in  book  expenditures.  This 
reflects  greater  increases  in  the  volume  and  costs  of  serials  available  than 
of  books.     The  Indiana  study  reported  that  a  majority  of  all  libraries  have 
been  faced,  especially  since  1970,  with  increasing  difficulties  in  maintaining 
present  or  adding  new  subscriptions  because  of  budget  pressures.     In  response 
to  these  pressures,  a  variety  of  actions  have  been  taken,  including  adding  no 
or  fewer  new  subscriptions,  dropping  subscriptions,  purchasing  microform  edi- 
tions, and  reallocating  the  materials  budget.     In  academic  libraries,  adding 
fewer  new  subscriptions  and  reallocating  the  budget  to  periodicals  at  the  ex- 
pense of  books  have  been  the  most  common  attempts  at  a  solution. 

4.3.3         Acquisition  and  Storage  Costs 

In  addition  to  the  materials  expenditures  discussed  in  Section  4.3.1, 
libraries  incur  a  number  of  other  costs  in  the  process  of  acquiring  and  storing 
materials.     Each  item  (book,  serial,  volume,  etc.)  must  be  selected,  ordered, 
received,  processed  and  stored,  and  for  serials  the  latter  three  activities 
must  be  repeated  for  each  individual  issue.     Costs  are  labor-intensive  and  have 
increased  substantially  over  the  years. 

As  an  example,  the  cost  of  library  acquisition  and  storage  of  journals 
was  estimated  in  1967  by  Westat    (153)  and  can  be  computed  for  the  number  of 
scholarly  U.  S.  journals  held  by  libraries. 

Cost  elements  are  subdivided  into  acquisition  of  new  titles,  main- 
tenance of  purchased  titles  and  storage  as  follows: 

1.  Cost  per  title  of  acquiring  a  purchased  title:  $62.80 

2.  Cost  per  title  per  year  of  maintaining  a  purchased 
title:  $38.30 

3.  Cost  per  volume  per  year  of  storing  a  purchased 
title:  $0,203 

The  units  to  which  these  costs  are  attributed  are  estimated  as  follows. 

The  total  number  of  new  scholarly  journal  titles  acquired  each  year 
is  equivalent  to  the  number  of  new  institutional  subscriptions  taken.  An 
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Table  ^.12    ESTIMATED  TOTAL  NU^IBER  OF  SCHOLARLY  JOURNALS  MAINTAINED, 
AVERAGE  COST  OF  MAII-ITAINING  JOURNALS  AND  TOTAL 
COST  OF  MAINTAINING  JOURNALS:  1960-1980 
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.B2 

16.24 

17.82 

^fi.72 

51.26 

m  . . . 

3,03fl 

.86 

17.03 

1R./.0 
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Year 

(ML-l]  ion:-;  of  DuJInr.s) 

Total  Cose 
rCurrt--nf 

...  

To  ml  Cost 

1960  .   .  . 

43  9 

V  /• . 

1S61  •   .  . 

53.3 

1962  .   .  . 

62 . 3 

1963  .   .  . 

63.1 

69.  2 

1964  ,  .  . 

69.3 

74.  9 

1965  •   .  . 

78.4 

83.  2 

1966  .   .  . 

85.4 

88.1 

1967  .   .  . 

100.  4 

100.  4 

1968  .   .  . 

109.0 

104,8 

1969  .   .  . 

lib. 8 

107 . 1 

1970  .   .  . 

121.3 

105.  5 

1971   .    .  . 

121.  6 

101.2 

1972   .    .  . 

134.1 

107.9 

1973  .   .  . 

138.1 

105.2 

1974  .   .  • 

157.5 

108.9 

PROJECTIONS 
194 

189 

205 

2  2 1 

239 

258 


123 
112 
114 
115 
117 
118 


Using  G::v  i;:ii>liciL  pvice  deflacor  <1':7 lUWj  to  ot^Lain 
1967  Con-.tc-nr  Dollar?;. 


SOURCE:     M^rktc  Fads,    Iv.r..,  CtriLcu  for 
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estimate  of  tlils  number  was  found  from  Tabic  3.19  by  subtracting  the  previous 
year's  circulation  from  tlic  current  year's.     However,  some  new  subscriptions 
are  not  accounted  for  in  this  manner  because  replacement  of  deaths  and  can- 
cellations is  not  included.     The  deaths  of  journals  over  the  period  of  time 
1962  to  1974  are  about  two  percent  per  year.     According;  to  the  Indiana 
University  study   ( ,   tlie  percentage  of  journal  cancellations  is  in  the 
neighborhood  of  one  percent.     Thus,  each  year  we  have  adjusted  the  number  of 
new  subscriptions  by  a  factor  of  1.03.     Results  for  the  number  of  new  sub- 
scriptions are  given  in  Table  4.11.     (Note  that  we  do  not  present  data  for 
1960  since  we  did  not  have  data  for  1959  to  obtain  the  difference).     As  can 
be  f;een,   the  trend  in  the  number  of  new  titles  acquired  is  quite  erratic.  The 
future  trend  is  slightly  upward. 

From  the  number  of  journals  acquired  and  the  known  costs,   the  acqui- 
sitions cost  is  computed  for  each  year.     The  1967  cost  of  $62.80  is  used  as  a 
base  and  this  figure  is  weighting  up  or  down  by  wage  increases  and  decreases  for 
librarians.     Costs  do  not  include  subscription  costs.     Average  total  acquisi- 
tion costs  and  constant  dollars  are  given  in  Table  4.11. 

The  total  cost  of  maintaining  a  purchased  scholarly  journal  title 
can  be  found  by  using  the  total  number  of  institutional  and  library  subscrip- 
tions.    Again,   the  costs  over  1950  to  1980  are  estimated  from  the  changes  in 
library  wages  since  the  maintenance  costs  are  almost  exclusively  labor.  These 
costs  are  given  in  Table  4.12.     The  increase  in  total  constant  dollars  reflects 
the  trend  in  number  of  titles  maintained  as  opposed  to  the  trend  in  average 
cost  which  reflects  wage  increases  of  librarians. 

The  cost  per  volume  of  storing  a  purchased  scholarly  journal  is 
estimated  from  the  number  of  journals  maintained.     The  median  age  of  a  cited 
journal  article  obtained  from  a  library  is  15  years.     Thus,  it  is  grossly 
(but  conservatively)  asj^umed  that  there  are  about  15  copies  stored  for  each 
one  acquired  and  maintained  annually.     Based  on  this  broad  assumption,  we 
arrive  at  the  storage  costs  given   in  Table  4.13.     The  cost   index  used  is 
based  on  rental  value,  derived  from  the  Consumer  Price  Index  for  personal  rents. 

Th*  total  overall  costs  of  acquisition  and  storage  of  scientific  and 
technical  scholarly  journals  are  shown  in  Table  ^.14.  As  seen,  1974  costs  are 
$158  million  or  about  30  percent  of  total  librarv  S&T  non-material  expi:»ndi  tures . 
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It  is  empliaslzod  that  the  cost;-;  do  not  Include  subscription  prices  but  in- 
corporate only  those  labor  costs  incurred  in  libraries. 


The  costs  shown  above  for  library  journal  activities  include  those 
which  make  up  the  organization  and  control  function  as  well  as  the  acquisition 
and  storage  function.     A  third  major  category  of  non-material  costs  covers 
public  services.     In  order  to  separate  total  library  costs  into  these  three 
categories,  we  assume,  based  on  our  knowledge  of  library  costs  and  work  by 
Raffel  and  Shishko    (130),   that  the  brecikdown  of  non-material  library  costs  is: 


It  is  also  assumed  that  other  costs  (administration,  etc.)  can  be  equally  dis- 
tributed over  the  three  activities. 

Costs  resulting  from  this  assumption  applied  to  total  library  costs 
are  shown  in  Table  4.15. 


acquisition  and  storage 
organization  and  control 
public  services 


1/3 
1/3 
1/3 
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Table  /^.l!) 
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»  ;::v'^.^J^, 
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1960  .   ,  . 
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42 

37 

42 

37 

42 

1961  .  ,  . 

42 

47 

42 

47 

42 

47 

1962  .  .  . 

47 

52 

47 

52 

47 

32 

1963  .   .  . 

52 

57 

52 

57 

52 

37 

1964  ,  .  . 

58 

63 

58 

63 

53 

63 

1965  ,   .  . 

6A 

68 

64 

68 

64 

68 

1966  .  .  , 

72 

74 

72 

74 

72 

74 

1967  .   .  . 

83 

83 

83 

83 

83 

83 

1968  .   .  . 

98 

94 

9o 

94 

93 

94 

1969  .   .  . 

110 

101 

110 

101 

110 

101 

1970  .   .  . 

121 

105 

1?1 

105 

121 

105 

1971  .   .  . 

140 

116 

140 

11^ 

140 

116 

1972  .   .  . 

152 
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152 

IZ2 

152 

122 

1973 

164 

1  <-  J 

154 

125 

1C4 

197A  .   .  . 
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123 
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122 
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122 
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ORGANIZATION  AND  CONTROL 

5.1  Introduc  don 

The  organization  and  control  function  involves  the  description  of  a 
bibliographic  item  and/or  its  physical  location,  facilitating  identification 
of,  and  access  to,  needed  information.     The  major  components  of  the  information 
community  involved  in  organization  and  control  include  libraries,  the  national 
bibliographies,  and  abstracting  and  indexing  services.     Libraries  catalog  and 
classify  the  materials  they  hold,  describing  both  physical  characteristics  and 
subject  content,  and  generally  use  the  classification  number  to  indicate  the 
shelf  location.     The  national  bibliographies  provide  these  functions  on  a 
larger  scale,  and  may  also  identify  libraries  holding  each  item.  Abstracting 
and  indexing  services  generally  work  with  the  journal  literature,  assigning 
index  terms  to  and  abstracting  individual  journal  articles  and  creating  printed 
or  machine-readable  indexes.     The  organization  and  con  n     functions  performed 
by  libraries,  national  bibliographies  and  abstracting  au    indexing  services 
^re  discussed  in  the  following  sections. 

5.2  Librar:^  Cataloging 

Libraries  provide  access  to  their  collections  by  creating  catalog 
files,  indexes  to  the  materials  in  their  collections.     The  traditional  file  is 
made  up  of  several  catalog  cards  for  each  item,   filed  by  such  entries  as  author, 
title  and  subject.     The  card  catalog  provides  the  primary  means  of  locating 
materials,  and  nearly  all  items  acquired  are  cataloged.     (See  Table  4.8) ♦ 

In  1901  the  Library  of  Congress  began  the  practice  of  selling  to 

libraries  copies  of  the  printed  cards  which  were  used  in  the  Library  of  Congress 

card  catalogs.     This  service  came  to  be  widely  used,  and  by  1968  nearly  80 
million  cards  were  sold  annually. 

In  1968,   the  liAKC  (Machine-Readable  Cataloging)  distribution  service 
of  the  Library  of  Congress  began.     This  service  prov Ides*  •machine-readahle 
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re^'ords  oT  tc-  (  .1  l(i|;iti:',  I  iiffn.iii.it  ion  on  '.ipf,  v:im1  provIJ  J  a  iiii/joi'  impclur:  for 
aut.oiijijL  i  (M)   (:)   inu\wiv;;.     l^y  tlu^  j.i.M!:         1  vi- 1.  r,,  1  ly  oj  MAIU;  D  i  r>t,  r  i  1.  n  I  iim 

ServrK-c,  i\  I'ol  .il   of  37()»!r/6  on  I  j  J  f»;^  Lm);  rcct^rj:,  h-ul  !»•  en  orcaLcd  and  c- 1  alo^'.in^; 
rt'corvl,^:  vcro  d  i r  j  hnLed  \;or I d./J  d',-  Mirou^'Ji  .-dH-iit:  6f;  c..;^m^  s(M"V).Cf:  ;:iul).'.c.r  i lu-rs 
to  tliou';;nids'  oT  u;;t.M    1  I  (uti)' i  ( 's .     >\:\]\r,  ici'd'*;^-;  r.i-c  nO'.;  i)rodtic<'fl  at  i\n  annual 
rate  of  over  1()0,000  LJ.i  Il-;  y-.M*,   jinJ  v.J.lJ   c:ovc  r  a.ll   nf  tlic  calalo-i.nj^ 

product- lo::  of   Uic  I.ilu-ary  of  Gonial.-'.':  ji  l.jy  lyl'O. 

Initially,    Ll):*  MARObarcd  :.or.'icc;;;  [.)?-ov'did  to  llbvai.ics  involved 
tlu^  orr--linr  prf'flucU'.on  (^f  Citalo^;  cart.W?  i  .1  r.a  inJ  i  •/.uiualivicd  fonual.  There 
now  exist  a  narnlu-i'  of  on-line  ea  t'al '.'[;iM;-;  sy  ^;  l.L.-niS  v.ivIcL  allow  a  library  with  a 
computer  terurLn::]   to  call  up  a  c<iLal  o-in.r;  roc'-«rd  sl)e.eL  froM  the  data  ha,s;e, 
modify  it  as  necessary,  and  produce  iTidlvj  da.ilj  zed  c^^rds  for  their  own  catalog. 

The  major  coniputeri^.L'd  catalojin^  :;:ervicc'  tod.iy  is  the  Ohio  College 
Library  Center  (OCI  C)  .     Libra i  iei_;  us'n^  J.he  OCLC  systcM  liavc  access  not  only  to 
MARC  rectord^,  but  al.so  to  oLhou  ca I  'L.I o[;lnv/  leeords  crea  Led  by  OCLC  participants. 
In  this  v;ay,   it  i.s  estli^iaied  th.U   ui*  to  70  to  80  p»:.rccni:  of  a  library^s  raono- 
gra.phic  cnLalogin^^,  reqn;  remeiiLs  catt  be  .suppc;!" ted  by  Lbe  systcia,  j^reatly  reducing 
duplicaLioa  of  effort  aiuon^  lil)r.-ri  The  nuLibor  of  catalo;;:iug  records  in 

OCLC  and  Ihci  nuriber  of  copies  of  bori\;-  cr. tv'jlo^;ed  iri  1973-1975  a^e  as  follows: 


5.]     OHIO  colllg;:  tibiiajiv  cf;,.;:);  :n:oc;i':ssir:c;  stai'ISTics : 

1972/73,  197.V7A,  197^75 


Iteni  1  972/73  1973/74  197A/75 


Numb  or  of  catalog  i  u<], 

records  in  the  da(.a  l)a-:e           '  65?,ll.'i             933,31/i  l,^i20,755 

ParLicipatiii-  library  -.(Mjrce    [  3?l,?'r'              521,797  923,545 

LC/rL.\RC  sonrcf                             ^  330, ^cr?.             A13,517             494, A19 

! 

Copies  of  booI:s  cala](^^c.|             ,  57'^,^' 74          l,194,:'r;7  2,555,05^ 

! 


SOURCL:     Ohio  ColU'cy  ],:\  Crv,['  ^    \  -iv-^l  ::.pnrt  ,   1972/73,  1973/74, 

andi   19/4/7'"  i'>.I  i  I  lOiJ- ,   di;  '  ■  1 1/^/ ■  hI;M;r).\    C'-ni.er,  1973, 

1974,  1975. 
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In  addition  to  supporting  cataloging  efforts,  data  banes  such  as 
OCLC's  provide  the  means  for  facilitating  ot;.her  library  operations.  Among 
these  are  serials  control,  acquisitions,   interllbrary  loan,  and  remote  catalog 
access  and  circulation  control.     These  are  important  both  to  internal  library 
processing  and  to  the  sharing  of  resoiircuis  among  libraries.     In  particular,  as 
the  number  of  libraries  participating  in  the  system  grows,  records  of  holdings 
information  are  an  invaluable  source  for  interllbrary  loan.     In  1975,   the  mem- 
bership of  uCLC  consisted  of  78  Ohio  members  and  11  networks  containing  some 
36  libraries  of  all  types  and  sizes. 

^ •  National  Bibliographies 

An  important  element  in  the  organization  and  control  of  the  book 
literatute  is  the  existence  of  national  bibliographies,  comprehensive  lists  of 
materials  published  and/or  held  by  libraries  in  a  given  country.     The  U.  S. 
National  Union  Catalog  is  maintained  by  the  Library  of  Congress  and  gives 
bibliographies  and  location  information  for  items  held  by  the  Library  of  Congress. 
The  number  of  unique  main  entry  records  added  to  the  National  Union  Catalog 
each  year  is  shown  in  Table  5.2 

5.4  Abstracting  and  Indexing  Services 

Among  the  secondary  literature  sources ,  abstracting  and  indexing 
services  play  an  important  role  in  providing  the  intellectual  analysis  and 
organization  of  the  scientific  literature  which  allows  it  to  be  accessed 
effectively  by  scientists  and  engineers  engaged  in  research  activities.  While 
concentrating  primarily  on  the  journal  literature,  A  &  I  services  treat  all 
literature  services  to  some  extent,  and  provide  scientists  with  current  aware- 
ness of  materials  relevant  to  their  fields  of  interest  as  well  as  guides  for 
retrospective  search  of  the  world's  literature. 

Abstracting  and  indexing  services  are  provided  by  a  wide  range  of 
organizations  dissimilar  in  their  sources  of  funds  and  their  sponsors  but 
generally  similar  in  product.     The  traditional  product  is  a  periodic  publica- 
tion listing  items  considered,  often  with  abstracts,  and  accompanied  by  appro- 
priate indexes.     Abstracts  may  be  indicative,   informative,  evaluative.,  or  any 
combination  of  these  types.     Indexes  also  vary  in  type  as  well  as  compreliensive- 
ness;   tlie  principal  forms  of  indexes  used  are  descriptive  cataloging, 
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Table  5.2      RECORDS  ADDED  TO  THE  NATIONAL 
UNION  CATALOG:  1961-1974 


Year 

Main  Entry 
Records  Added 

1961 

136,932 

1962 

150,200® 

1963 

163,395 

1964 

163,977 

1965 

217,936 

1966 

200,106 

1967 

210,800® 

1968 

221,575 

1969 

298,930 

1970 

341,837 

1971 

352,229 

1972 

347,200^ 

1973 

354,700® 

1974 

349,300® 

Estimated . 

SOURCE:     Annual  Report  of  the  Librarian  of  Congress, 
Washington,  D.C :     Library  of  Congress,  1974 
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alphabetic  subject,  keyword,  and  citation  indexes.  In  the  production  of  the 
traditional  product  a  number  of  organizations  have  produced  machine  readable 
data  bases  containing  similar  information  which  can  be  used  to  provide  services 
directly.  The  growth  of  such  services  has  been  substantial  in  recent  years, 
suggesting  correspondingly  less  emphasis  on  the  printed  A  &  I  product  in  the 
years  ahead. 


The  key  issues  in  the  abstracting  and  indexing  area  from  a  user's 
point  of  view  are  the  coverage  of  relevant  literature,  the  time  lag  between 
primary  and  secondary  literature  publication,  and  the  cost  of  obtaining  the 
service.     Ultimately  the  issue  is  the  utility  of  the  A  &  I  service. 

Impacting  .a  the  coverage  provided  are  a  variety  of  factors,  in- 
cluding the  number  of  services  and  their  subject  orientation,  the  overlap  in 
coverage  among  various  services,  and  the  degree  of  cooperation  and  coordination 
found.     Time  lag  is  primarily  a  matter  of  internal  efficiency  within  the  indi- 
vidual  A  &  I  organization,  but  may  also  be  related  to  cooi..':ration  between  these 
organizations  and  the  primary  publishers.     The  cost  of  an  A  &  I  publication  is 
also  closely  related  to  the  degree  of  cooperation  between  primary  and  secondary 
publishers  as  well  as  among  the  various  organizations  producing  A  &  I  publica- 
tions.    Costs  are  also  dependent  on  the  level  of  service  provided  and  will  be 
affected  by  operational  and  technological  changes  throughout  the  publication 
process . 


The  following  sections  outline  the  various  stages  in  the  publication 
and  distribution  of  an  abstracting  and  indexing  product,  presenting  available 
data  which  suggest  trends  in  the  key  areas  of  impact.     Preceding  all  of  these 
sec"  */ ns  and  providing  the  overall  framework  for  discussion  is  a  j-}ection  on  the 
num'    .    )f  organizations  providing  A  &  I  services. 


5.4.1  Number  of  A  &  I  Organizations 


ERIC 


A  number  of  attempts  have  been  made  over  the  years  to  identify  various 
categories  of  organizations  providing  A      I  services,  going  back  at  least  to  the 
first  edition  of  I nde x  B i b 1 i og r aph i c u s    published  in  1925.     Of  more  rocent 
interest,  A  Quid ( '  t o_JLK_  S .   I n_d e_x_rn^  and  Ab st r a c_^t_iji g  So rvi ces  jin  Science  and 
Technology  (85)  was  published  In  1960  by  the  National  Fedr^ration  of  Abstracting 
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and  Indexing  Services  (NFAIS) .     This  compilation  contained  about  500  entries, 
and  was  limited  to  U,   S-   services.     Three  Hundred  and  Sixty-Five  of  these 
service?  were  repeated  in  the  1963  World  Guide  to.  Abstracting  and  Indexing 
Services  in  Science  and  Technology  (86),  another  NFAIS  publication.  This 
document  contained  1855  titles  from  40  countries,  chosen  from  3155  titles 
examined.     In  1965  and  again  in  1969,  the  Federation  Internationale  de 
Documentation  (FID)  published  guides  to  abstracting  services  in  science, 
technology,  medicine,  and  agriculture,  and  also  social  sciences  and  humanities. 
The  1969  edition  contained  816  entries  in  the  science  and  technology  volume 
and  180  entries  in  the  social  sciences  volume,  and  did  not  include  indexing 
services.     A  comparison  of  this  list  with  that  of  the  1963  NFAIS  World  Guide 
indicates  an  increase  of  30  percent  in  the  number  of  abstracting  and  indexing 
services  over  the  six  year  period,  and  a  combination  of  the  two  lists  identi- 
fies 2671  unique  entries  representing  world  wide  A  &  I  services  in  all  subject 
fields. 

In  an  effort  to  merge  and  update  data  contained  in  these  previous 
directories  and  to  create  a  base  for  ongoing  data  collection,  FID  and  NFAIS  are 
currently  working  on  a  joint  project  to  prepare  a  machine  readable  inventory 
of  world  abstracting  and  indexing  services.     The  data  base  is  scheduled  for 
completion  early  in  1976.     Included  in  the  record  for  each  service  will  be  some 
91  elements  describing  the  service.     Services  listed  were  selected  primarily 
from  existing  directories,  according  to  criteria  established  by  an  advisory 
committee.     Preliminary  results  of  this  project  indicate  a  final  data  base  con- 
taining descriptions  of  approximately  2100  A  &  I  services  plus  approximately 
200  machine  readable  services,  some  of  which  are  cross  referenced  to  the  basic 
services . 

Combining  this  known  Information,  Table  5.3  suggests  some  tentative 
conclusions.     Indications  are  that  the  U.  S.  accounts  for  a  relatively  small 
percent  (20%  in  1963)  of  the  world's  abstracting  and  indexing  organizations, 
and  that  a  large  percentage  of  these  organizations   (82%  in  1969)  deal  with 
scientific  and  technical  literature.     These  figures  may  be  available  for  1974 
from  tlio  world  inventory  file,  but  in  gener-?:!  changes  over  the  period  1965  - 
1974  cannot  be  discnssod.     With  respect  to  the  total  number  of  services,  the 
1974  estimate  of  2100  world  A  &  T  services  seems  most  reliable,  and  reflects 
substantially  1.  ss  growth  in  the  1969  -  1974  period  than  the  30  percent  esti- 
mated for  1963  -  1969.  3  ."j  7 
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Tabl  e  5,  3-      MIMIiKR  OF  A]5SYi?ACTl  NC  3 /M)::X]       OiyjAML^ATlOIJS;  1%0-J97/| 


Type  of 

Orp.^Mi  r.-.  t  lt<r   

 \n(p[_ 

3* 

 iTAL.^ 

4 



U.S.  Scli'ncc  & 

500 

305 

- 

- 

Vorld  Scltnce  i 
Technology  .  .   ,  . 

1,655 

816 

596 

2,100 

* 

Xndcxii'S  Services  not  couritctl. 

SOUP.CES:     ^IZii;lcti;il  rcdcraiicn  cf  Alrir.."ti;i£  iia:!  Ir.  :.;.:iv.G  Sl.L-^■:cJ^,  A  Cui-Jc 
to  U.S.  TrrU-Mln"  /  .tin".  ?-U.':c^-z   1'.  Sci-^-.'^.o  -^^d 

Tocliiiolnvy.  19iO, 

Guide  to  thf  V.-tK-!  ^_  ll'At.-:.  - T-.L'll  J! " A." r :l-.'*rP.v_2£I.Vli -y^ 
S c Icn ci?"  a iid  I'v t: h n ? Ic y  ('/.Vpcrif  iT) .  10237  isVi V 

•^Ab scracdnj  Serv-leei;;     Vo^-,      1 ,  Scl cc,  Te c Vt^ i  1  or v,  V -i^.'lclrc, 

Internacionale  dv.  Doccr.^r/.v. Lion  U'he  K'iiut), 

^NFAIS  estimate. 

T\i70  importanl:  sources  of  data  on  abstracting  and  indexing  have 
covered  a  number  of  the  THcijor  services ,     The  l:v:o  sourccr.  are  the  regular 
statistical  con;[)i  la  t  ions  published  by  :rrAIS  since  its  forir.ation  in  1958  and 
^  ^96G  Sysrr-in  Suudy  of  Abstracting-;  ar.:l  Ir.dc-in.:^  in  the  United  State.s  (]-Al)  by 
the  Syr-tem  Development  Corporation.     In  1974  and  1975,  NFAIS  statistics  covered 
27  U,   S,  member  organiii^aLion*^,  inclui'ling  ^evcn  governriient  affiliates, 

SDC  used  as  its  univcu'.se  tlie  365  U.   S.  organizaLions  listed  in  the 
1963  NFATS  directory.     Froin  those,   tliey  sc-lected  appro::iria tely  150  candidates 
for  study,  based  on  size  and  on  influence  in  the  scientific  community,  and 
used  both  site  interviews  and  mail  qiic'3 tioiuuiires  to  obtain  inforriatlon  on  77 
A  &  I  products.     Other  calculations  v^ere  radi:;  on  tlie  basis  of  100  major  organi- 
zations selected  from  tlic  same  directory,  using  data  included  in  the  directory. 
These  hundred  orgr?nj  zations  produced  about  220  publication.^ ,  approximately  AO 
percent  of  tl^e  total  number  of  ab.stracrin;;  and  indexing  publications  in  the 
U,   S.   and  including  nil  of  the  major  cn^s.     The  liundred  organizations  were 
classified  into  five  categories  as  follrr-;:^: 

Federal  10% 

Societal  20% 

Industrial  23% 

Cotmhi I  r  c  i  <  1 1  30  /' 

Inst  L tut ionaJ  16/ 
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For  most  purposes  these  hundred  organizations  can  be  considered  to  represent 
the  entire  universe,  particularly  with  respect  to  the  number  of  items  covered. 

Also  of  interest  is  the  number  of  organizations  general  ng  machine- 
readable  bibliographic  data  bases,  and  the  number  of  such  data  bases.  This 
information  is  not  regularly  compiled,  but  a  number  of  surveys  have  been  con- 
ducted and  are  expected  to  be  updated.     Sources  of  Information  on  U.  S.  data 
bases  include  the  ASIDIC  Survey  of  Information  Center  Services  (152),  the  ASIS 
Survey  of  Commercially  Available  Computer-Readable  Data  Bases    (140)  and  Kruzas' 
Encyclopedia  of  Information  Systems  and  Services  (  7C!)  .     A  recent  source  which 
appears  to  be  comprehensive  is  found  in  Volume  9  of  the  Annual  Review  of 
Information  Science  and  Technology  (7  ),  which  lists  soi;.e  118  data  bases,  90 
of  which  are  generated  in  che  U.  S.  by  52  organizations.     These  are  1973  figures, 
and  suggest  substantial  growth  since  the  beginnings  of  the  industry  in  the 
mid  1960's. 

5.4.2  Number  of  Items  Abstracted  and  Indexed 

The  National  Federation  of  Abstracting  and  Indexing  Services  (NFAIS) 
regularly  publishes  data  on  number  of  items  covered  by  their  member  organiza- 
tions.    Their  most  recently  published  statistics  (published  in  February  1974 
and  February  1975)  arc  suramariz.ad  for  the  period  1960  -  1974  in  Table  5.4. 
Items  covered  by  full  members  increased  205  percent  in  this  period,  with  U.  S. 
government  affiliates  covering  80  percent  more  items,  for  an  overall  growth 
rate  of  14 j  percent.     A  projection  of  the  total  number  of  items  to  1980  is 
shown.     It  is  important  to  note  that  these  figures  include  substantial  amounts 
of  overlap,   that  is,  duplicate  coverage  of  a  single  item  by  two  or  more 
organizations. 

In  order  to  determine  what  part  of  total  U.  S.  production  is  repre- 
sented by  its  statistics,  NFAIS  has  compared  its  1962  and  1966  data  with  that 
compiled  by  SDC  for  a  hundred  major  A  &  I  organizations.     The  comparison 
suggests  that  NFAIS  members  account  for  about  half  the  volume     "  the  one 
hundred  sample  organizations.     The  growth  rates  for  NFAIS  members  and  the  SDC 
sample  organizations  are  similar  (about  38%)  over  the  1962  -  1966  period. 
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Table  5-^*  ITKMS 

1900-1980 

(Tliou.' 

Yc«nr  ! 

Full  Voting 

U.L>.  Ucver ii«"ier.t: 

1960  .   .  . 

310 

Z  /  O 

o  o 

1961  .    .  . 

38? 

676 

19G2  .   .  . 

410 

1963  .   .  . 

448 

/  J  D 

196^  .   .  . 

450 

"3  A 

/  J 

1965  .   .  . 

482 

A  no 

OO  H 

1966  .   .  . 

603 

,      O  D 

1967  .   .  . 

598 

Jyo 

1968  .   .  . 

678 

4  J  / 

J.  y  J.  J  J 

1969  .   .  . 

758 

A 

WOO 

J.  )  Z  zu 

1970  .   .  . 

831 

1  9S7 

1971  .   .  . 

895 

H  O  J. 

1972  .   .  . 

933 

516 

1,449 

1973  .   .  . 

910 

492 

1,402 

1974  .   .  . 

945 

A  Qfi 

i 

 ^ —  p 

ROJECI 

IONS*   

1975  .   .  . 

- 

1976  .   .  . 

- 

J-  J  D  J  U 

1977  .   .  . 

- 

1  79n 

1973  .   .  . 

- 

- 

1,790 

1975  .   .  . 

1,850 

1980  .   .  . 

- 



1,920 



* 

T  !"!C 

.  ,  Ccn'Ji.T  for  C;u:,;::it:r.'_;vc' 

SOUI'.fK;  :;.-.t.io 

il  i]  1 

'.rd'^rr.C        of  AbrJtr;'; 
■.,  Kcbrii  iry  1974  r.nJ 

c  1 1  r. 
1  9  7  3. 

Inco:-:ir:g  Se-rv.icc;, 

•fcrber  Sci'vicc 
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In  1962,  Bourne    (17)  and  Heller  (58)  estimated  that  total  production  of 
U.  S.  abstracting  and  indexing  services  was  about  two  million  items.  Since 
this  is  quite  close  to  the  SDC  figure  for  1962,        will  assume  that  the  SDC 
figures  represent  nearly  the  entire  universe,  and  in^t^urn  that  NFAIS  statistics 
represent  about  half  of  U.  S.  production.     If  this  assumption  holds  over  time, 
1974  U.  S.  production  would  have  been  approximately  three  million  items. 

NFAIS  statistics  do  not  include  any  commercial  organizations,  which 
accounted  for  about  20  percent  of  the  total  coverage  recorded  by  the  SDC  only. 
One  of  the  largest  of  the  commercial  organizations  is  the  Institute  for 
Scientific  Information  (ISI)  and  relevant  statistics  for  it  are  presented  in 
Table  5.5. 

The  SDC  study  found  that  in  1962,  56  percent  of  the  1,856,000  items 
reported  covered  were  abstracted.     The  remaining  44  percent  were  indexed  only. 
No  more  recent  data  is  available  on  this  distinction,  '  ut  it  can  be  observed 
that  substantial  numbers  of  the  machine  readable  bibliographic  bases  contain 
abstracts.     This  may  suggest  an  increased  proportion  of  items  abstracted. 

The  number  of  items  covered  by  A  &  I  services  cannot  be  compared 
directly  with  the  volume  of  world  literature  because  of  overlapping  coverage. 
A  number  of  attempts  have  been  made  to  identify  both  extent  of  coverage  by 
A  &  I  publications  and  overlap  between  various  publications.     The  SDC  study, 
considering  30  abstracting  and  indexing  organizations,  found  that  the  number 
of  services  covering  somcTpart  of  each  of  178  COCATI  (141)  subject  areas  ranged 
from  two  to  18,  with  a  median  of  11.     The  conclusion  drawn  was  that  coverage 
was  fragmented  and  irregular.     Other  studies  in  the  late  1960's  confirmed 
these  results. 

Overlapping  coverage  has  also  been  studied,  and  some  results  are 
suggested  in  Table  5.6.     NFAIS  is  currently  conducting  a  study  of  overlap  in 
journal  coverage  among  14  A  &  I  organizations,  which  should  give  some  indica- 
tion of  recent  overlap  data  and  also  of  the  extent  of  the  journal  literature 
covered.     Overlap,  of  course,  has  both  advantages  and  drawbacks,  with  the  draw- 
backs primarily  a  matter  of  increased  costr..     Some  of  this  is  alleviated  by 
increased  cooperation,  especially  exchange  of  abstracts,  between  A  &  T  crgani^atio 
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Table  5.5      r.OUl'.r:';.  .T.'LS'N'AL  T/i  t'IS 

rROCc.';-,i:i)  lv  tsi:  i'>.Si-i974 


YecTT 

1961 
1962 
1963 

-.  1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

-  1974 


(Thouv  and k) 
I   Ircr.ip;  Pr(jc.<.'Ssccl 

113 
124 

129 
152 
236 
274 
304 
309 
341 
362 
364 
378 
407 
401 


SOUKCr.:     TusL-i  t-ul:o  fcr  SclciiLific  lufoniiaLioii, 
Scicjicf  _Cjj;'i-  LOiT_  In^-'cx  ].974;  Cuidc^ 
and  Jourii.'^?   l  isiir;. 


:Ui2 

ERIC 


Tabic  5.6      INDICATION'S  OF  OVE.LLM^riKG  COVHll^GE  MiT.iG  SECONDAlL^  SERVICl-S 


Services  Vegrcc  of  0\''erlap 


BioJo^ical  Ab:;l:rac:rs  (BA)  vornur; 
Chemical  A.botrocts  (CA)  versus 
Physics  Abclracts  (PA) 

BA  versus  E >:  c  e  r  p  f.  a  11- d  "i  c  a   ( L'  I) 


BA  versus  Index  Medicas  (IM) 


CA  versus  BA 


CA  versus  Gcosclcnce  Abstracts 
(GSA) 

CA  versus  International  Aerospace 
Abstracts  (lAJO 

CA  versus  Nuclear  Science  Abstracts 
(NSA) 


CA  versis  Review  of  Metal 
Literature 

CA  versus  Scier'      ^  -^nci 

Technical  A    .  P.eports 
(STAR) 

CA  vcri>us  Technical  TransI.?tions 


PA  versus  NSA 


Bibliography  of  Agriculture  with 
15  major  services 

BA  versus  CA  vcr5.us  EI 


57/i  of  a  sa-.  [>lo  covered  by  PA  also 
cover'-'u  by  CA;     40%  of  a  sample 
covered  by  BA  alr,o  covered  by  CA 

52%  of  a  sf.;  pie  of  95  cardiovascular, 
endocrine y  :?ud  poychophaiT.jCf.oloiiic 
papei^":  cove;,  r;!  by  BA  also  covv/icd  by 
EM 

5*^%  of  the  serials  covered  by  IM  also 
covered  by  BA 

20%  of  110^000  iteiTis  in  BA  also 
covered  by  CA 

20%  of  6,000  items  in  G3A  also 
covered  by  CA 

25%  of  30,000  items  in  lAA  also 
covered  by  CA 

51%  of  17,600  reports  covered  by  NSA 
also  covered  by  CA  (using  in  th5-s 
instance  NSA-prepared  abstracts); 
58%  of  27,900  journal  articles  in  NSA 
also  covered  by  CA;  and  73%  of  2,630 
patents  in  NSA  also  covered  by  CA. 

55%  of  18,000  iicns  in  Revic-.;  of 
Metal  Literature  also  covered  by  CA 

14%  of  36,300  articles  in  ST/.'  also 
covered  by  CA^ 

73%  of  24,000  itetPG  in  Technical 
Translations  al.oo  covered  by  CA 

54%  of  a  sc.r'ple  of  2,246  articles 
appeared  in  h-oth  PA  and  NSA 

No  overlap  greater  than  20/b;  54%  of 
B  of  A  itc^i  not  covered  el:jev;h^rc 

1%  of  1,4592  jcv.rnals  cover  :d 
monitored  by  .^11  3,   27%  hy  2,  a'ld 
72%  by  only  one  -  least  overlap  be- 
tween EI  and  iiA 


AcadtT'iy  of  Sciciicts,  ^c?  r,itific.  ^ir:d  V^'chn  i  cj,  1   C<  .\:i:\nlc:  Kxo:: ,  1969, 


Annu-t]  R'  -  vl  ei-^  of  cr  \  t  i  f_a  Sj-*i'  >vi"'C v  a :,f'_Ti. ;  1  CQy  ,  Vi.-.l ,  5 ,  19/0 
arid  Vor.  "  BV  197:;'^  " 
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5.4.3 


Costs  of  Ab  tractlng  and  Indexing 


Costs  of  the  actual  abstracting  and  indexing  process  have  proven 
difficult  to  identify.     Bourne,  in  a  1970  review  of  the  literature  ^15),  sugg< 
a  range  of  $2  -  $8  per  abstract,  with  $5  as  a  representative  figure.  This 
would  indicate  creation  of  about  8  or  9  abstracts  per  person-day.     For  indexii 
Bourne  found  a  range  of  $1  to  $20  per  indexed  article,  corresponding  to  8  -  3( 
articles  per  person-day.     These  are  1968  data. 

Bourne  also  considered  total  A  &  I  service  costs,  and  found  a  1968 
range  of  $5  to  $30  per  item.     This  data  has  been  supplemented  by  contact  with 
the  individual  ser^;ices,  and  the  results  suggests  a  cost  per  item  of  $25  in 
1967. 

5.4.4  Sales  of  A  &  I  Publications  and  Services 

In  general,  it  would  be  expected  that  most  sales  of  A  &  I  publica- 
tions are  made  to  libraries,  particularly  the  more  expensive  items.     The  price 
of  A  &  I  publications  depends  upon  the  form  of  publication  and  on  other  types 
of  S'upport  available  to  the  organization,  including  advertising  revenue  levies 
on  society  membership,   industrial  support,  and  federal  subsidy.  Volunteer 
labor  may  also  contribute  to  the  support  of  A  &  I  publications. 

Subscription  prices  follow  several  different  patterns^  sometimes 
including  differentials  for  society  members  or  nonprofit  educational  institu- 
tions.    Flexible  pricinr,  practices  are  also  in  use,  with  the  price  for  each 
facility  set  according  to  such  factors  as  the  number  of  potential  users  or 
the  library  budget.     Library  subscription  prices  for  selected  publications 
are  shown  in  Table  5.7.     Price  increases  over  both  the  1963  -  1968  period  and 
1968  -  1973  were  substantial,  with  larger  increases  observed  in  the  latter 
period.     The  same  trend  is  also  evident,  though  less  marked,  in  price  per 
entry  increases-     The  price  per  entry  increases  for  Biological  Abstracts,  for 
example,  are  167  percent  from  1963-1968  and  67  percent  from  1968-1973. 
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Table  5.7    A&I  SERVICE  SUBSCRIPTION  PRICES:  1963,  1968,  1973 


1963^ 

1963^ 

I 

Price  Increase  (I) 

Type 
of 

Llbr/iry 
Sulncrlptlon 
T'lcr  (?) 

Totftl 
Entrlro 

LIbrity 

SiibficrJption 
PriTc  (;.■} 

Totnl 
Entrltja 

LlbMry 
Siibscrlptloa 
Frier  (?) 

Totil 

Fedrr.ll 

,0 

105,^09 

19 

II1»665 

1 

,> 

ll?»000 

90  iOO 

Society 

225 

100,852 

COO 

2U,000 

1,000 

2^0.000 

157  67 

CmT!c;i], 

Sccloty' 

lfi5»000 

1*550 

251,G3/. 

2,400 

53  55 

In:!ex  I!i'<ltcui 

Fedor.il 

130,090 

72 

2O7»O00 

155 

:o;,ono 

CO  115 

Pflvfholnp.lcfll 
Abnrocts 

Soclciy 

20 

10,000 

30 

19»5B6 

190 

24,409 

50  533 

SO'JKC?:;    Ccr:iUt«o  on  Sdrn:lflc  and  Technical  Commtlcatiorw  (SATCCH),  Mioml  Acodony  of  Sclences-llatlojal  Academy  of  En£Lncf>.rinr,» 
2 

Individual  publlcctions. 


5.5 


Organ! zation  and  Control  Costs 


Included  in  organization  and  control  costs  are  library  cataloging 
and  processing  costs  (See  Table  4.15)  and  A  &  I  service  costs.  Abstracting 
and  indexing  service  costs  are  estimated  in  Table  5.8  by  assuming  that 


We  also  estimate  that  75  percent  of  the  items  processed  are  journal  articles 
and  that,  of  these,  about  50  percent  are  published  in  the  U.  S.     The  cost  of 
processing  articles  published  outside  the  U.   S.   is  included  in  our  totals  since 
the  A  &  I  publications  are  U.  S-  products. 

The  two  cost  components  of  organization  and  control  and  their  sum 
ars  shown  in  Table  5.9 


1. 


NFAIS  statistics  on  items  processed  represent  about 
50  percent  of  all  items  processed  in  the  U.  S. 


2. 


Ninety  percent  of  abstracting  and  inc....Jng  is  of 
scientific  and  technical  material. 


The  average  cost  per  item  processed  was  $25  in  1967 
and  can  be  adjusted  by  changes  in  professional, 
administrative  and  clerical  pay. 
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Tab1f  5.8       liSTlMATli)       i  1.:.  i  i  I' !  C  TI'i      J  < 'A  L  /.iSTKACTTisC 

AND  f Nni'Aii.c  MfiRVJCL  r:(js.:::    ] 9t',r* -io:>o 


Ycnr 

Itecs  P:u*-'' 
by 

U.S.  TtMS  Mc. 
t  (000) 

^  COST, 

cd  by 
(O'^O) 

Co<-t 

Escir.atC'cI  S6T 
Absttucclnii  &2 

(Mill  1  on r,  nf  S) 

1960  .  .  , 

^ 

5E8 

1,058 

20. GO 

21 

1961  .  .  . 

676 

1,217 

20,60 

25 

1962  .  .  . 

713 

1,283 

21.20 

27 

1963  .  .  . 

756 

1,361 

21.80 

30 

1964  .  .  . 

795 

1,431 

22.50 

32 

1965  .  .  . 

88A 

1,591 

23.20 

37 

OCA 

1    7  7S 

1967  .   .  . 

1,793 

25.00 

45 

1968  .  .  . 

1,134 

2,0^1 

26.40 

1969  .   .  . 

1,226 

2.207 

27.90 

62 

1970  .  .  . 

1,257 

2,263 

29.60 

67 

1971  .  .  . 

1,377 

2,479 

21.50 

78 

1972  .  .  , 

1,451 

2,612 

3J..40 

87 

1973  .   .  . 

1,A02 

2,524 

53.20 

89 

197A  .  .  . 

1,  Vf3 

2,597 

^.40 

97 

1975  .  .  . 

1,590 

2,862 

39.20 

112 

1976  .   .  . 

1,650 

2.970 

41.  CO 

122 

1977  .  .  . 

1,720 

3,096 

42.90 

134 

1978  .   .  . 

1,790 

3,222 

44.90 

146 

1979  .  .  . 

1,850 

3>330 

.  47. CO 

159 

1980  .  .  . 

t 

1,920 

3,450- 

49.20 

173 

1 

SOUKCrS:       Jiatloinl  rodorj 

cion  c  f  Abs  I  :mcC  i 

Service--, 

Mcnbr  r  ? '  :  v i - . •  ?  t  a  ^  ?  t.  i  - .  'r'^., b i     v y  10  7 u  c : 
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SECTION  0 


IDENTIFICATION  AI^  PHYSICAT,  ACCE  !> 

6. 1  Iptroduc  tion 

A  scientist  desiring  information  contained  in  the  literature  gains 
access  to  it  llowing  a  two-step  process.     In  the  first  step,  documents 

which  contain.  '^y  contain)   the  information  are  identified  by  such  means 

as  prior  knowledge,  a  document  or  colleague  referral,  a  library  catalog,  or 
an  abstracting  and  indexing  publication.     Each  of  these  means  involves  the 
linking  of  subject  descriptors  to  bibliographic  descriptions  of  documents, 
so  that  documents  on  a  given  subject  can  be  identified.     For  example,  a 
scientist  reading  an  article  in  his  own  subscription  copy  of  a  journal  will 
store  in  his  m'^mcry  a  description  of  the  article  subject  matter,  just  as  an 
abstracting  and  indexing  service  will  develop  index  terms  and  an  abstract 
for  tVie  article.     If  the  information  is  needed,   the  scientist  may  recall  the 
:7rtLcle  read  in  the  first  instance  or  use  the  A&D  publication  indexes  to 
identify  it  in  the  second  instance. 

Clearly,   the  better  the  match  between  the  scientist's  need  and  a 
document's  conte>nts  fas  represented  by  the  scientist's  expression  of  his 
need  and  the  document  description,  respectively),   the  better  the  results  of 
the  identification  process.     Two  measures  which  have  been  developed  to  ex- 
press  the  value  of  an  Identiflcat:   n  method  arc  preci'  ion  and  recall.  Pre- 
cision is  the  propor: Ion  of  all  documents  identified  which  are  judged  rele- 
vant by  the  user,  and   recall  is  the  proportion  of  all  relevant  documents 
which  are  identified  by  Lho  systeni.     In  g-*neral,   precision  and  recall  are 
inversely  related;    that  is,  measures   taker  to  increase  p     cision  in  the 
ident  If  it'at  Ion  process  may  have  a  detr  L-n.ental  effect  on  recall. 

When  a  document  has  been  identified  as  potentially  useful,    it  still 
musr_   be  [physically  accessed.     This  is  the  second  step  in  tlie  identification 
and  access  profess,   and  requires  a  link  between  a  document  description  and 
a  physical    location  in  which  that  dor.u::\ei\t:    is  stored.      In  libraries,  thi-^ 
function    is  generally  Sf--^rved  by  the  card  catalog,  which  also  is  an  identiri- 
cati  )rt  source.     Other  sniin-s  of  physical   access  include  tlie  [)uhlisher,  the 
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author,  anrl  personal  and  collcai^m'  .  oT' ---Uons ,  In  any  case,  the  measure 
of  value  of  an  access  source  depends  or  whether  or  not  the  required  docu- 
ment is  available  for  the  scientist's  use. 


The  Author  Survey  provided  considerable  information  about  the  ways 
in  which  scientists   identified  and  gained  access  to  articles  which  they  cited 
The-ie  processes  are  discussed  in  subsections  6.::'  and  6.3  below,   followed  by 
a  subsection  on  identification  and  access  of  all  types  of  materials  via 
libraries.     The  final  subsection  identifies  Vnowu  costs  involved  in  identifi- 
cation and  access. 

6.2  Identification  of  Journal  Articles 

We  have  seen  that  the  cumulative  volune  of  journal  literature 
available  for  use  bv  the  scientist   is  a  staggering  figure.     Thus  the  process 
of  identification  oF  this  literature,  and  particularly  the  selection  of  ma- 
terial .-levant  to  a  specific  proj..;ct  cr  specialty,   is  a  key  activity. 

Methods  of  identification  of  the  journal  literature  cat.  be  classi- 
fied as  direct  or  indirect.     Indirect  informauion  implies  that  the  user  first 
learned  of  an  article  through  a  formal  or  informal  reference,  to  it,  such  as 
an  abstract    in  an  SDI  service.     Direct   identification  would   then  come,  not 
through  a       rerence,  but  from  initial  contact  with  the  actual  article. 

Within  each  of  these  idv?ntif ication  methods,  a  number  of  further 
altp-natives  are  possible.     The  cony  of  the  article  which  the  user  sees  may 
com.,  from  his  own,  a  colleague's,  o.    a  library  subscriptio      or  it  may  be 
a  preprint  or  reprint  obtained  frotn  various  sources.     Indirect  identification 
may  he  the  result  of  a  colleague's  reference;  a  reference  in  another  article, 
book,   or  report;   or  of  an  absr/act  or  index  entrv  found  in  a  secondary  publi- 
cation       output  from  a  bib!  i-gr.-.pH  i  c  data  base.     Costs  and  efficiencies  of 
each  of    tliose  methods  vary  si  t-aatiall: 

Table  6.1   and  Figure  6.1  stiow  the   toLal   numb.      of  journal  article.- 
idontified   hy  a.ithors  by  direct  and    indirect  methods,    taken   from  the  results 
of  our  Author  "-vry.     Again,    if     'n-:l:l  be  kept   in  mirv'  that   these  figufes 
r,.n.:  ,    thai    porrioi,  of   t.-tal   jourtMl    artiMo  use  accountod   for  hy  authors 
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Tabic  6.1    mm  AND  PERCENT  OF  ARTICLES  IDFi'Tl  lED,  3Y  YEAR  IN  WHICH  CITED:  1963-1975 
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obtaining;  maLorial  which  they  then  cite  in  their  jouriuil  articles. 

Over.'ill,    indirect  methods  account   Cor  52  percent  of  the  article 
identifications  made  by  authors,  and  direct  methods  account  for  39  percent. 
Variations  wore  observed  over  the  1968-75  period,  with  indirect  procedures 
reported  proportionally  more  betwoen  1970  and  1972.     The  choice  if  indirect 
procedures  is  probably  most  closely  related  to  the  conduct  of  a  special 
literature  search  of  an  individual   topic,  while  regular  perusal  of  the  litera- 
ture would  account  for  most  items  identified  directly.     Thus  it  would  seem 
from  these  results  that  somewhat  more  literature  searches  were  conducted  in 
the  1970  to  1972  period.     ^his  is  confirmed  by  the  results  of  a  (.,.rect 
question  on  literature  St      ches,  which  are  preserr  od  in  Table  6.2  and  Figure 
6.2.     They  show  a  relatively  high  proportion  of  literature  searcl^es  to  other 
methods  over  the  1968  to  1972  period.     The  data  correspond  well  with  that 
of  Figure  6.1  except  in  1968  and  1969.     We  hypothesize  that  this  discrepancy 
is  due  to  the  length  of  the  recall  per'o.l  for  1968  and  1969  authors,  which 
-^.ight  result  in  loss  reliable  dat.  , 

b 2  . }  Direc  t__I  d  o  n  t  if  i  cation  Procedur  es_ 

rigure  6.3  shows  percent    ]e.  breakdowns  of  the  various   types  of 
direct   iden  t  i  f  i.'-a  t  ion  procedures,   including  subscriptions  -  individual,  in- 
cluding colleague,  c.ad  library  -  and  repr-»'nts  and  preprints.     Overall,  use 
of  rr'prints  and  preprints  account   for  12  percent  of  total       Licle  identifica- 
tion, while  use  of  subscription  copies  accounts  for  27  perce.  t.  Inc'^uded 
in  the  subst.r  i    t  i  on  figure  is  17  percent  for  individual  subscriptions  and 
10  percent   for  library  subscriptions  used.     Changes  in  these  figures  over 
time  suggest  most  notably  that  non-1  ibr:iry  method^^  of  direct  ident  i  f  i  ca  tiori 
are  gaining  in  iriipor  t  ai  m  c  . 

h  .2.2  I  n  d  i  r  e  c  t  1  u  l;  n  t  i  J  icr\  t  i  o  n_  V  r  o  r  c  d  u  r  o  s 

indirect   identification  p  '  H;ediires   include  reference  to  an  article 
by  a  colleague  or  co-wc     -.or;   refercnct    :;Mde  by  anotli-r  article,   book,  or 
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Table  6.2 


LITERATURE  SEARCHES  COMDUCTEU  BY  YEAR 
OF  ARTICLE  PULl-ICATIOX:     1968-  1975 
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Ki.f;ui(/  ri'KCi/sT  or  'in.Ai.  AIM  h:-:  ncwKi:::'         i^v  ;:':vnons  or  i)iK;:(.r 


report;  use  of  print tul  Indexes  or  eat:nlogs;  use  of  n  oompiit:eri/'.c?d  lit:erature 
search;  and  use  of  a  current:  awareness  or  SDT  system.     The  last:   t:hrce  met:hods 
were  ment:ioned  fairly  infrequent:  ]y  by  autlior.s  and  so  are  grouped  toget:her  in 
Figure  6.4.     This  figure  shows  pcret-n t:ase  breakd  ./us  for  indirect:  identifica- 
tion methods  over  time,   reflecting  overall  totals  of  12  percent  for  colleague 
references,   28  percent  for  references  in  published  sources,  and  11  percent 
for  references  in  tlie  form  of  abstracts  or  index  entries.     The  earlier  ob- 
served increase  in  all  indirect  search  procedures  during  the  1970  to  1972 
period  see:ns  lo  be  n  result  of  the  increase  in  identifications  via  article, 
book,  or  report  references. 

The  decrease  in  the  use  of  abstracts  and  indexes  should  also  be 
noted.     Tills  figure  represents  mostly  the  use  of  printed  indexes  and  caL.i- 
logs ,  with  a  small  number  of  SDI  searches  made  over  the  years  and  a  sma"'! 
but  increasing  number  of  computerized  literature  searches  used. 

Other  sources  suggest   thnt   tlie  use  of  ctJinputer ized  literaturi.' 
searches,   particularly  via  on-line  systems,   is  expanding  rapidly,   so  that 
these  should  play  a  more  inportant   role  in  the  future.     Figure  6.5  is  a  graph 
compiled  by  Martha  Williams  (152)   sh^v.ing  the  number  of  interactive  bibliographi 
senrrhes  niado   in   tlie  IKS.     The  increase  between  1^71   nnd  197^  as  sho™  is 
nearly  160  percent,  and  even  more  rapid  growrh  is  anticipated.     The  gr<  -th 
of  commercial  services  nin'/  be  as  much  <is  50  to  100  percent  ear;:  year.  Accor- 
ding to  AnderLa's  -projections   (5),   auto::iated  information  will  entirely  replace 
present  .manii;il   m.-rhtnls  durin-   th.,.  dc^f^do  1980-1990. 

Our  (      -1  on   the  declino  in  use  of  abstracting  and   index  ag  public- 
cat  ion  r    «:an  h;'  contrasted  with  aval  lab '^e  figures  on   tho  volume  nf  items  ab- 
stracted and    indexed  over     be  years.      Information  compiled         the  'bitit^nal 
Federation  i-f  Ahsrr.u:ting  and   indexing  Services  about    tlieir  mt-mbtTs  is  siK)v;n 
in  Table  6.'^.     This  s1kv.,s  an   incr^nsf  of  36  perct-  '    in   liie  numbt^r  of  items 
ind.'Xod      i.l/nr  ab.- 1  r,  i  i/ 1  .      annually  fr^M^i   \9f^>l   to   1975,    rontrasted  v.'ivh  a  ^3 
per.iMir    '  (^lin'^  in  us.;  of   tlu-^'e  ptibl  irn  r  ions  by  .lutbiors    (see  Taf^le  6.1). 
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Figure  6.5    CROOTll  OF  INTERACTIVE  BIB[,I0GRAP1IIC  SEAIICIIINC  IN  THE  U.  S.:  1968-1980 


SOIkCE:  Table  6.10. 


Table  C^.'i:       NUMIil'K  Ol'  ITCMS  PHO(:i:sr.i:i)  P.V       f  SKUVICI^S 

(Thoii'\«nJj) 


)?70  J97] 

Total 

19  7  :i  1973  1  ^jji,  i.lii'-iZi 

Nu'ubor  of  TLrrr.ci 

U35 

1257  1376 

l/,/.9    1^02    l-'il    15U  :;.A. 

AnnuiiX  Percent 
Change 

8 

3  9 

5-3       3         7  36 

SOURCE:  Nati'cnr. 

1  r^-dororicn 

cl:  /.'.I 'J 

Ir.dosir.g  Services,  Mcr.'.hrr 

Service  S!fnc).:'t:.'Cb,  FcSrui:ry  I'.l^  and  1975. 

^  •  2  •  3  Direct'  _ancl_jrpcl  i  ri--^J;  jc^enf.ir  Jen  lion  Procedures  by  Field  of  Sc lenco 

Significant  vnrJaLions  were  obsL^r-  cd  in  Lhe  use  of  different  iden- 
tification iPC'tl'ioJf^  by  autiiors  in  thi-.  nine  fields  of  ficic-nce.     These  results 
are  shown  in  Troble  6.4  and  Figure  6.6.     Of  special  note  are  the  greater  re- 
liance on  direct  inotliods  by  conii-iitor  scientists,  engineers,  social  scientists 
and  "others".     One  miglit.  attrilniU'  th.js  to  less  coverage  by  the  secondary 
service*!:;  in  these  areas  were  it  not  for  tlie  rel^^tively  small  volume  of  use 
overall  of  secoiular}^  services.     Anotlicr  ey.pl an:i tion  would  be  greater  ir.i- 
porCance  jilaceJ  on  regular  [}crusal  of  tlie  literature  in  Liie  fields  mentioned. 


Indirect  i den t i CI cn  r  ion  moLhods  include  article,,  book  or  report 
references,   colTr?a^M.ie  references,  ar:d  .secondary  publications  on  services. 
With  tlie  exception  of  en^^.iueers  and  life  scientists^   the  first  two  of  these 
were  more  lieavily  utilized  by  our  .<^.iivVfy  r  r'Spondou  ts .     In  absolute  terms, 
life  scientists  acconni  ed  fur  72  pcrcciit  of  the  total  identifications  made 
via  sc'condary  pub!  lea  t  i'";i.s  or  service:-;. 

6.3  T  r  e  n  d  s_  i  n  ^  o  u )  /_e _i  )^r_  A  c_(  ■  ->f, 

For  tin's  analysis,  AuLlior  f^ur^'cy  respi'oses  v;ere  divided  into  four 
basic  sources  fro.i;  winch  clt.in,^  nhlS.-^rs  -ould  obtain  access  to  cited  arti- 
cle>.;     library,  ptibli  sher ,   collea^/i'-  or  offiice  collection,  arid  cited  author. 
Res[>onsf?s  v.'ere  j>roj(cred   re  <->   to.''i1   ;-m^]u' "J  n  r  i  oi-)  '^f  a^^ricler^  cited  bct'.v^'en  the 
year.-,  1968  and   197').     For  (M.spJay,'   of  Iror.ds  in  niiinbers  of  articles  accessed 
fror.;  Vwirious  sot)Vv:cr;,   (.  hr<-.j-y^.;!r  i,;  averaj^^'.-  •••ore  cal  cu  1 ;:  t  id  . 
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Table  6.4    ARTICLE  IDENTIFICATION  METHODS,  BY  FIELD  OF  SCIENCE 
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Figure  6.6    ARTICLE  IDENTIFICATION  METHODS  BY  FIELDS  OF  SCIENCE 
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Tab  Lo  6 .  ^  d  i  sp  lays  movlnj^  avera^t'S  of   tlu'  (*SL  Imai  ed  number  of 
cimos  each  of  the  f  uir  access  sourco*^  was  usuc!   far  obtaining  cited  articles 
during  the  [)eriod  1968-1975.     (Note  that  only  non-self -citat ion  articles 
were  considered  in  the  author  survey.)     Figure  6,7  graphs  these  estimates 
for  the  ^eriod  uiuler  consideration. 

Prej     ^. ng  from  the  sampled  citations  used   in   this  study,  the 
Li  bra r;         consistently  the  most  often  used  supplier  of  access   to  cited 
articles  used  between  1968  and  1975.     Access  directly  from  authors  (i.e., 
via  author  reprints  and  preprints)   increased  from  2,09A,000  to  2,775,000 
a  :cesses  between  1968  and  1975.     This  represents  an  annual  increase  of 
approximately  4.1   percent.     Access  to  cited  articles  via  colleagues  or 
office  collections  rose  from  1,411,000  to  1,565,000  in  the  same  period, 
an  overall  increase  of  11  percent. 


Access  via  publishers,   including  individual  user  subscriptions 
and  the  purchase  of  reprints  from  publishers,  appears  to  follow  a  quite 
different  trend.     The  rate  of  increase  differs  between  1968-1972  and  1972- 
1975.     For  the  first  period   the  annual  rate  is  12  percent,  while  for  the 
latter  years  it  is  28  percent.     Together,   there  is  an  overall  increase  of 
232  percent  between  1968  and  1975  article  accesses. 

Based  on  overall  increases,   library  use,  as  measured  by  access  to 
cited  articles,   is  not  increasing  as  rapidly  as  the  other  types  of  use. 
This  is  demonstrated  in  Figure  6.8,   "Relative  Us-;  of  Sources  of  Access  to 
Cited  Articles,   by  Year  of  Citing  Article'*,  plotted  from  Table  6.5  percen- 
tage data.     While  literature  use,  as  measured  by  total   accesses   to  cited 
articles,    increased  at  an  annual   rate  of  approximately  4,8  percent  between 
1968  and  197  5,   thc'  propor  t  iona  i  us£  of  libraries  for  access  to  cited 
articles  is  decreasing  while  the  proportional  use  of  publishers   is  increasing. 


These  trends  are  somewhat  surprising,   given  current  concerns  about 
the  he/ilth  of  journal   publishing  and  <aS sumptions  that    individual  users  are 
able  to  easily  obtain  journal   article   information  directly  from  libraries. 
We  are  un;ihle  to  d  s:\w  more  concrete  conclusions  based  on   the  limited  set 
of  questions   in   the  author  survey;   [leither  was   it  possible   to  determine  the 
possible  effects  of   recall  bias  on  responses. 


Table  6.5    RELATIVE  USE  OF  SOURCES  OF  ACCESS  TO  CITED  ARTICLES, 

BY  YEAR  OF  CITING  ARTICLE 


(Thousands  of  Articles  Cited,  Ihrec-Year  Moving  Averages) 
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Figure  6.8    RELATIVE  USE  OF  SOURCES  OF  ACCESS  TO  CITED  ARTICLES  BY  YEAR  OF 

CITIKC.  ARTICLE  IN  PERCENTAGES:  1968-1975 


Year 


SOURCE:  Tabic  6. 5 
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(Ilvfn  llu\sr  con.'^;  fdtTMt  I  on;; »  following;  c  otu"  1  us  I  ons  ar*.*  drawn: 


1.  The  library  conl  Imu's  ro  \)c  thr  nu>st    Important  sourc** 
of  ac<'os.^;  for  nor, -ho  1  f -i' 1 1  a  I  I  on  artli'livs  rlrtnl  by 
antlu^rs  of  .so  lent  I  fit    an<l  toolmloal  artlolos. 

2,  CI  tod  rUilhors  art'  moi-o  inportant  sources  o(  aocivv; 
thar)  arc*  tlu*  citing;  author's  col  I  oaj-^nos  or  offloo 
collections,   ^A\cx\  no  d  i  f  f  cront  iat  Ion  I.s  mado  on  tlu' 
basis  of  art  id o  fortii. 

3.  The  importance  of  pu])lishors  as  a  sourco  of  access 
Is  on  the  rise,  holh  proportionally  and   In  absolute 
terms . 

4,  Proportional  use  of  libraries  as  a  source  of  access 
has  declined  since  1968,  thou^li  this  decline  may  bo 
levelling  off. 

Another  access  factor  identified  by  the  Author  Survey  was  the  use 
of  subscription  versus  non-subscription  forms  of  access.     A  user  might  ob- 
tain a  subscription  issue  from  a  variety  of  sources;   from  a  colleague  who 
subscribes,   from  a  library  which  Is  a  subscriber  to  the  journal,  or  from 
his  or  her  own  subscription.     A  non-subscription  source  would  be  anything 
else:     a  reprint,  a  preprint,  a  piuitocopy  obtained  from  a  colleague,  etc. 
Table  6.6  and  Figure  6.^  show  the  trends  in  the  use  of  subscription  versus 
non-subscript  ion  sources.     It  appears  that  since  1968  the  usv  of  sub- 
scriptions for  obtaining  access  to  cited  articles  has  risen  nearly  propor- 
tional  to  the  rise  in  the  total  number  of  articles  cited.     At  the  same  time 
the  access  via  non-subsc  r  i  p  t  iofi  forms  (reprints,  preprints,   etc.)  has  re- 
mained fairly  constant,  with  only  a  slight   t  ise  since  1968.     Unless  these 
trends  are  based  on  a  recall  bias  of  respondents,   it  appears  that   the  for- 
mal and  Informal  exchi^nge  of  reprints  and  preprints  is  decreasing  in  im- 
portance r.f^iA?^-!:"-'        L^V*^*  \^J^P        ^i'J^-^AL^iLL^i?,"  sources . 

Figure  6.10,   "Relative  I'se  of  Subsc  r  ip  t  on  and  Non-Subscription 
Form^:,   by  Field  of  Science",   shows  some  variation  among  the  di'^ferent  field 
of  science.     Because  of  the  variation  in  tho  number  of  respondents  to  the 
Author  Survey  among  tlie  nine  fields  of  science,   these  figiares  should  be 
viewed  with  some  care,  hut  we  feel   that  the  gener.^l   picture  is  indicative 
of  the  relative   importance  of  these  access  forms.     In  rill   fields,  sub- 
scriptions aro  riK^re   important   than  non-Subscription   "o:  ;s.     Also,    in  all 
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Table  6.6    TRENDS  IN  THE  USE  OF  SUBSCRIPTION  AND  NON-SUBSCRIPTION 

SOURCES:  1968-1975 


(Thousands  of  Articles  Cited,  Three-Year  Moving  Averages) 
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SOURCE;  Author  Sticvey,  Hnrket  Facts,  Inc.,  Ctnter  for  Qwntitfltive  Sclcncce. 


Figure  6.9    IMS  IN  THE  USE  OF  SUBSCRIPTION  AND  NON-SUBSCRIPTION  SOURCES: 

1968-1975 
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Year  Article  Cited 

SOURCE:  6.6 


Figure  6.10   MIVE  USE  OF  SUBSCRIPTION  AND  M-SURSCRIPTiON  FORMS,  BY  FIELDS  OF  SCIENCE 
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cases  except  one  (environmental  scienCL-Ov    library  subscriptions  are  more 
important  than  non-subscriptions. 

A  final  consideration  of  access  sources  concerns  the  types  of  sub- 
scriptions.    It  has  been  sho\vn  above  that  library  subscriptions  are  consis- 
tently one  of  the  most   (if  not  the  most)   important  forms  of  access  for  a  user 
obtaining  access  to  a  cited  article.     Figure  6.11,  **Trends  Among  Uses  of 
Various  Types  of  Subscriptions**  shows  how  libraries  relate  to  other  sub- 
s'cription  sources.     It  appears  that,  while  the  library  is  the  most  important 
source  for  use  of  subscriptions,   it  has  declined  proportionally  to  user 
subscriptions,  especially  since  1972.     Again,   this  is  a  somewhat  surprising 
finding.     We  would  noriually  speculate  '.Vat,  as  individual  subscription 
prices  rise,  users  would  turn  to  institutional  subscriptions.     i'erhaps  authors 
of  scientific  and  technical  articles  are  not  typical  of  all  users  of  scientific 
and  technical  literature.     Or  perhaps  this  finding  mav  be  due  to  the  different 
ages  of  cited  articles  obtained  from  v/arious  subscription  sources   (e.g*,  see 
Table  8.10,   "Most  Frequently  Employed  Channels  for  Identification  and  Access"). 
More  research  and  analysis  is  necessary  to  support  or  reject  these  hypothe- 
ses . 

Given  these  above  considerations  concerning  the  form  of  cited 
artlrles  obtained  by  citing  authors,  we  suggest  the  following  conclusions: 

1.  Not  surprisingly,  subscriptions  are  consistently  the 
most  important  methods  for  obtaining  access  to  cited 
articles  when  compared  with  non-subscrip t ion  forms 
of  access. 

2.  Relative  use  of  subscript!  n  vs.   non-subscription  forms 
of  access  differ  among  fir/Ids  of  science. 

3.  Authors*    (user*s)  own  subscriptions  appear  to  be  gaining 
in  importance  relative  to  library  subscriptions  for  ob- 
taining access  to  cited  articles. 

6  •  ^  Iden  t lf_iiia  t  ion  and  Access  in  Librar  ies 

We  have  seen  that  libraries  play  an  important  role  in  the  provision 
of  journal  articles  and,  similarly,   they  serve  as  a  major-  source  of  other 
types  of  materials.     Libraries  assist   in  the  identification  and  access 
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Figure  6.11    TRENDS  AMONG  USES  OF  VARIOUS  TYPES  OF  SUBSCRIPTIONS:  1968-1975 


Year  of  Citing  Article 
SOURCE:  Table  6. 6. 


function  by  providing  for  in-house  use  of  material?? ,  circulation,  inter-library 
loan,  and  reference  services.     Data  on  most  of  tbese  activities  are  generally 
available  only  for  individual  libraries. 

6 .  A .  1  Ci rcula tjjjn^  a^  Use 

Circulation  includes  those  materials  checked  out  of  libraries  for  use 
elsewhere.     In  general,  periodicals  and  other  materials  do  not  circulate  so  that 
circulation  statistics  represent  mostly  book  use.     At  the  MIT  Scieiice  Library 
(76),  it  was  found  that  the  mean  circulations  per  year  for  each  ciiculatable 
volume  was  i.lO.     If  this  relationship  holds  constant  over  time  and  for  all 
academic  libraries,   the  volume  of  S&T  circulation  can  be  estimated.     For  example, 
if  half  the  items  in  academic  libraries  (Table  A. 5)  are  circulatable  S&T  books, 
total  annual  circulation  volume  would  go  from  104  million  in  1960  to  250  million 
in  1974,  an  increase  of  140  percent.     This  is  equivalent  to  an  average  annual 
increase  cc  6.5  percent. 

An  index  of  public  library  circulation  is  compiled  by  the  Library 
Research  Center  of  the  Graduate  School  of  Library  Science  (53)  of  the  University 
of  Illinois  for  a  sample  of  American  public  libraries.     The  1960-1974  increase 
for  this  index  has  been  25  percent,  an  average  annual  increase  of  1.6  percent. 
Scientific  and  technical  circulation  of  public  library  books  is  assumed  to  be 
a  small  part  of  total  S&T  library  circulation. 

Circulation  figures  were  compiled  in  the  1972  Survey  of  Federal 
Libraries  (81).  Science  and  technical  libraries  accounted  for  about  12.5 
million  circulations  in  1972. 

In-housc  use  of  materials  is  thought  to  be  related  to  circulation. 
Morse  (76),  again  at  the  M.I.T.  Science  Library,   found  that  for  each  item  cir- 
culated about  four  books  and  seven  periodicals  are  consulted  in  the  library. 
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6.4.2 


Interllbrary  Loan 


Interlibrary  loan  is  the  process  by  which  library  material  is  made 
available  by  one  library  to  another  for  the  use  of  an  individual  patron. 
All  types  of  materials,   including  periodicals  (or  photo  copies  of  periodical 
articles)  are  loaned.     1972  estimates  of  interlibrary  loan  volume,  as  shovn 
in  Table  6.7,   total  about  6.7  million  requests  with  about  63  percent  of  these 
actually  filled  (i.e.,  successfully  handled)  by  the  lending  library.  From 
these  figures,  we  estimate  the  volume  of  scientific  and  technical  requests 
in  these  libraries  to  be  about  2.6  million  with  a  fill  rate  of  71  percent. 


Table  6.7:       ESTIMATED  VOLUME  OF  INTERLIBRARY  LENDING 
ra  1972  FOR  ALL  TYPES  OF  LIBRARIES 


Type  of  Library 

Loan  Requests 
Received 

Fill  Rate 
(%) 

Total 
Loans  Filled 

1,850,000 

68 

1,258,000 

2,235,000 

52 

1, 165,000 

387,000 

81 

314,000 

A 

Regional  Medical     .  . 

600,000 

79 

474,000 

1,098,000 

67 

735,000 

500,000 

50 

250,000 

Total,  All 

6,670,000 

63 

4,196,000 

SOURCE:     Palmour,  Vernon  E.  et.al..  Resources  and  Bibliographic  Support  for 
a  Nationwide  Library  Program ,  1 9 7 A . 

"^Palmour,  Vernon  E.   et.al..  Access  to  Periodical  Resources:     A  National  Plan 
(NSF  GN-35571),  February  197A. 

The  characteristics,  costs,  and  magnitude  of  interlibrary  loan 

(ILL)   in  academic  libraries  have  nlso  been   invest ignted .     Palmour's  estiTnates 

of  the  total  number  of  ILL  r-quests  made,  with  projections  to  1980,  are 

shown  in  Table  6.8,     About  48  percont  of  the  requests  analyzed  x^crc  for 
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Table  6.8      TOTAL  ACADEMIC  IMTERLIBEi;^.RY  LOAN  REQUESTS:  1966-1980 


(Thousands) 


Year 

Total 
Academic 
ILL  Request? 

1966  .... 

1039 

1967  .... 

1191 

1968  .... 

1488 

1969  .... 

1750 

1970  .... 

2122 

197J  

2217 

1972  .... 

1790 

1973  .... 

2238 

1974  .... 

2393 

1975  .... 

2549 

1976  .... 

2705 

1977  .... 

2860 

1978  .... 

3016 

1979  .... 

3172 

1980  .... 

3327 

SOURCE:     Palniour,  Vernon  E.,  Access  to 

Periodical  Resources:     A  National 
Plan,  Association  of  Research 
Libraries,  1974. 
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periodicals,  and  about  60  percent  for  scientific  and  technical  material.?. 
Cost  figures  derived  from  a  sample  of  twelve  libraries  showed  an  average 
borrowing  cost  of  $7.61  per  request  and  average  loan  processing  costs  of 
$2.12  for  unfilled  requests  and  $4.67  for  filled  requests,  or  a  total  cost ' 
of  $13.43  per  completed  request. 

An  important  factor  in  the  increase  of  interlibrary  loans  has  been 
the  formation  of  library  networks  or  consortia,   formalizing  traditional 
cooperation  among  libraries.     The  Directory  of  Academic  Library  Consortia  C40  ) . 
compiled  in  1971,   identified  124  academic  library  networks,   80  percent  of 
which  listed  expanded  interlibrary  loan  service  among  their  activities.  More 
recently,    the  Indiana  study   (48)   identified  the  number  of  consortia  to  which 
sampled  academic,  public  and  special  libraries  belonged.     Results  indicated 
an  average  of  1.5  to  2.3  consortia  for  academic  libraries   (in  four  strata), 
1.1  to  1.6  consortia  for  public  libraries  (three  strata)  and  1.8  to  2.4  con- 
sortia for  special  libraries   (two  strata). 

Of  particular  importance  are  the  networks  which  involve  libraries 
from  more  than  one  state.       Based  on  the  entries  in  the  Directory,  nearly 
80  percent  of  the  multistate  networks  had  been  founded  since  1966.  The 
literature  suggests  that  this  trend  is  increasing,  particularly  with  the 
emphasis  currently  placed  on  networking  by  the  National  Commission  on  Libraries 
and  Information  Science  and  other  library  agencies.     As  involvements  in 
consortia  increase,  so  does  access  to  materials  via  interlibrary  loan. 

6 ,  5  Iden t  if  ic a t  ion_  and  Arces?^_  Costs 

Identification  and  access  costs  are  made  up  of  library  service  costs, 
the  cost  of  time  spent  hy  scientists  in  identifying  and  accessing  materials, 
bibliographic  data  base  search  costs  and  photocopying  costs.     Estimates  of 
these   figure'^  are  shown  in  Tablo  6.9. 

Library  service  costs  were  taken  from  Table  4.15  and  represent  all 
services  provided,  including  circulation,  in-library  us.>,  interlibrary  loan, 
and  reference.     To  identify  the  scientists'   costs,  wi'  assume  (arbitrarily) 
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me  6.9    IDl:A^l!■lC^TIO^:  m  ACCESS  COSTS 
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/ifi 

l/i2H 

(i 

1,715 

1.1B5 

1975  .... 
1W6  .... 
1W7  .... 
197fl  ,  .  .  . 
ly?9  .... 
KSO  .... 

\K 
201 
219 
232 
243 
25& 

•  71 
95 
128 
17^1 
240 
332 

—  rKO.ii';t:i'ri)NS  — 

1»5B0 
1,7a 

2,0')9 
2,291 
2,Wl 

71 
75 

ai 
«} 

89 
96 

1,917 
2,123 
2,352 
2,590 
2,863 
3,165 

1.213 
1,251! 
1,306 
1,345 
1,398 
1,452 

GKP  InpUclc  price  diflator  (1975-1980  m)       to  ck^in  1967  CouM.int  DollarK, 
liJUHCE:  K.irket  Facta,  Ir,c.,  Center  for  quaatltatlve  Sciences. 
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that  a  scientist  spends,  on  the  average,  one  h'^ur  per  week  locating  materials  . 
Costs  are  then  computed  similarly  to  the  calculation  of  assimilation  costs 
(see  Section  7) . 

In  addition  to  scientists'  time,  another  element  of  search  costs 
is  for  the  use  of  machine-readable  bibliographic  data  bases.     These  costs 
were  derived  as  shown  in  Table  6.10.     The  number  of  searches  is  taken  from 
estimates  shown  in  Figure  6.5,  with  an  annual  growth  rate  of  33  percent  after 
1975.     A  cost  of  $100  per  search,  or  $20  million  for  200,000  searches  was 
assumed  for  1971.     Then,  based  on  a  cost  model  developed  by  Westat  (66),  the 
$20  million  were  divided  into  $9.6  million  ($48  per  Siiarch)  ,  plus  $7.8 
million  fixed  computer  costs  and  $2.6  million  other  f,  xed  costs.     If  the 
number  of  organizations  searching  data  bases  remains  c  ..stant,  so  should  the 
fixed  costs.     Per  search  and  other  fixed  costs  were  adjusted  by  professional, 
administrative,  and  clerical  pay  levels,  and  computer  costs  were  assumed  to 
remain  at  $7.8  million.     Total  costs  for  each  year  were  then  computed  as  per 
search  costs  times  the  number  of  searches  plus  fixed  computer  and  other  costs. 

Photocopying  costs  calculated  were  restricted  to  copies  made  of 
journal  articles,   in  both  libraries  and  offices.     The  procedure  used  to  esti- 
mate photocopy  costs  was  as  follows  (See  Table  6.11).     The  number  of  photo- 
copies made  of  cited  articles  has  increased  very  slightly  from  1967  to  1974 
as  determined  in  the  Author  Survey.     The  trend  line  over  this  period  of  time 
is  given  in  Figure  6.12.     This  trend  line  is  used  to  estimate  the  number  of 
photocopies  prior  to  1967  and  after  1974.     The  line  is  as  follows: 


Y  »  636  +  9.48  X 

where:     Y  is  the  estimated  number  of  photocopies  (in  thousands)  and 
X  is  the  year  (0  =  1967,  1  =  1968,   .   .   .  ) 


To  convert  to  the  total  number  of  photocopies,  we  assume  that  the  number  of 
photocopies  is  about  50  times  the  number  of  cited  articles  which  are  photo- 
copied.    The  number  of  pages  photocopied  is  found  by  multiplying  the  number 


it 

Estimates  in  the  literature  range  from  ''a*  small  portion*'  of  2  hours  per 
week  to  3.3  hours  per  week. 
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.Table  6.10      DATA  V,\S\i.  ^Y.:.V.Ol  COS'if.:*  1968-1980 


Cost  Coripotv 

¥±:<fid  Co' 

 _Yo,',r  

No.  of  Data 
_(Tbo_u.-;a2icl.';) 

Pcr 
Di  "!.•(;  cC 

Sc'-irch  Co.':t: 

UW.  .^'l.t 

Other 

Total  Cost 
(Millicns 
of  $) 

Cost 
Per 

ficr.rch  ($) 

19G8  .   .  . 

10 

OJi 

7.C 

2.2 

10.4 

1,040 

1969  .  .  . 

50 

2.1 

7.8 

2.3 

12.2 

244 

1970  .  .  . 

120 

5.4 

7.8 

2.4 

15.6 

130 

1971  .  .  . 

200 

9.6 

7.8 

2.6 

20.0 

100 

1972  .   .  . 

300 

15.3 

7.8 

2.8 

25.9 

86 

1973  .  .  . 

450 

24.3 

7.8 

2.9 

35.0 

78 

1974  .  .  . 

610 

34.8 

7.8 

3.1 

75 

1975  .  .  . 

1,000 

60.0 

7.8 

3.2 

71.0 

71 

1976  .  .  . 

1,333 

84.0 

7.8 

3.4 

95.2 

71 

1977  .  .  . 

1,769 

116.8 

7.8 

3.5 

128.1 

72  . 

1978  .  .  . 

2,353 

162.4 

7.8 

3.7 

173.9 

74 

1979  .  .  .. 

3,129 

228.4 

7.8 

3.9 

240.1 

77 

1980  .   .  . 

4,162 

320.5 

7.8 

4.1 

332.4 

80 

Current  dollcrs. 
SOURCE:    M.-«rket  Fact^;,  Inc.,  Center  for  QuGrititifJ.ve  Sciences. 
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Table  6.1]    ESTI^IATED  NUMBER  OF  PHOTOCOPIES,  MIM  OF  PAGES  PER  COPY, 
AVEPvAGE  COST  PER  PAGE  AND  TOTAL  COST;  196M9S0 


Y«nr 

! 

?5inbEr  of 
Ph3tocoplo5 

011Ul:nn) 

Nunbcr  of 
p3[;cs/Copy 

Total  Ni)tnb«r  of 
Pliotocoiiy  r.igc.i 
■  (HlllM 

AvcrcRc 
^ml 
r.i[o 
(Current  5) 

Average 

Co'->t/ 

.  (Co[i9t.int  $)* 

Toul 
5  Cont 

Total 
$  Cofit* 

(KllUnps) 

196;!  .  .  . 

2^.b 

1.6 

O.l/i 

0.16 

31. ^ 

1963  .  .  . 

IQ.O 

1.1 

?:i.o 

0.15 

0.16 

]/».6 

37.0 

.  .  . 

30.^ 

i  •  i 

23/1.1 

0.15 

0.16 

35.1 

37.5 

m .  ,  . 

30.9 

1 1  f 

237.9 

0.16 

0..U 

33.1 

hU 

31.3 

hi 

2il.O 

0.16 

0.17 

ill.O 

mi . . , 

33. & 

1,1 

251.0 

fl.l7 

o.n 

/.2.; 

*2.7 

III* 

O.IC 

0.17 

h)A 

.  »  . 

:vj.fi 

U 

2AG./t 

(1.19 

0.17 

/iG.8 

<il.9 

m . . . 

32.^ 

2G2./i 

U.20 

0.17 

52.5 

il/..6 

vni  .  .  . 

v»v 

2?6.0 

0.21 

0.17 

53.0 

/.6.9 

m . . . 

3/i.O 

1  •  / 

0.22 

O.IB 

59.0 

^8.2 

m . . . 

35.6 

/*w 

2?D.6 

0.24 

0.18 

65.0 

/)i;.7 

i^ih  .  .  . 

3^.2 

f  •  0 

0,25 

0.17 

m . . . 

35,5 

273./. 

0.26 

0.16 

7J.I 

0.? 

m . . . 

35,9 

276.^ 

0.27 

0.16 

7/1.6 

/ii.2 

ivi .  . . 

'  *i 

280.3 

0.29 

0.16 

01.3 

U.8 

i9;3  ,  .  . 

30. 9 

WiA 

0.30 

0.16 

a5.2 

«.5 

1919  .  .  . 

37J 

287.2 

0.31 

0.15 

09.0 

43.1 

j?afl , . . 

3?.Q 

f  ■  r 

29L1 

0.33 

0.15 

96.1 

«.7 

Clip  tapllcU  pftlct  deflotor  (1975-1980  NPA)  useil  to  obtain  1967  ConBtant  Dollars. 
S.U'RCE:  Knrktt  FoctJ,  Inc.,  Center  for  QumitUatlvc  Science'}. 


Figure  6.12    NUM3ER  OF  PHOTOCOPIES  imi  OF  CITED  ARTICLES  AS  A  FUNCTION  OF  TW 


1"')7       68        69        70        71        72  73 
SOURCE:  Market  Facts,  Inc. ,  Center  for  Quantitative  Sciences 


of  photocopies  made  times  the  average  number  of  pages  per  manuscript  found 
In  the  journal  tracking  survey  for  each  year  (1962  to  1974).    The  coat  is 
estimated  to  be  $0.25  per  page  and  is  adjusted  by  secretarial  wage  levels. 
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SECTION  7 


ASSIMILATION  AND  USE  OF  INFORMATION 
7 . 1  Introduct:  Ion 

The  final  stage  in  the  information  transfer  process,  Assimilation 
by  User,  Is  one  of  the  most  intangible.     This  is  the  stage  at  which  infor- 
mation (as  opposed  to  documents)  may  be  transferred.     That  is,  a  document 
may  ba  studied  and  its  contents  assimilated  by  a  user.     At  this  point  the 
user,  having  identified  and  obtained  access  to  the  document,  is  informed; 
i.e.,   the  state  of  knowledge  of  the  user  on  the  subject  matter  of  the  docu- 
ment is  altered.     This  "new'*  information  may  be  used  to  generate  new  ideas 
and  research,  it  might  be  forgotten,  or  it  might  simply  affect  the  user^s 
future  behavior  in  some  subtle,  difficult  to  detect  manner. 

An  understanding  of  the  role  information  plays  in  research  is  im- 
portant to  an  understanding  of  the  context  in  which  scientific  and  technical 
information  is  assimilated.     It  seems  important,   therefore,   that  the  study 
of  information  transfer  should  take  research  stage  into  account.     Egan  and 
Henkle    (47)    writing  in  1956,  outlined  eight  stages  in  the  research  process 
and  identified  the  types  of  information  source  that  might  be  most  useful  at 
each  stage.     The  stages  identified  v/ere: 

1.  Perception  of  the  problem; 

2.  Definition  of  the  problem; 

3.  Formulation  of  the  hypothesis; 

4.  Choice  of  method  of  investigation; 

5.  Choice  of  techniques  to  be  used  in  gathering  and 
analyzing  evidence; 

6.  Search  for  evidence  or  data; 

7.  Conclusions  concerning  original  hypothesis; 

8.  Discussion  of  consequences. 
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Cfcirvey  and  Grlffltli  (50)  considr-rod  the  research  stage  in  thoir 
study  of  psychologists  In  an  academic  department  and  a  government  laboratory. 
They  found  that  in  the  first  phase  of  a  rt-soarch  project  psychologists  ob- 
tained ideas  and  defined  problem  areas  in  two  ways,   through  the  literature 
and  in  conversations  with  colleagues,  occasionally  supplementing  one  approach 
with  the  other.     The  psychologists  appeared  to  regard*  information-gathering 
more  important  in  the  last  two  stages  of  their  projects  and  considered  infor- 
mation most  valuable  In  the  final  stage  when  they  were  trying  to  interpret 
data.     They  were  anxious  In  this  stage  to  consult  someone  who  could  under- 
stand their  results.     In  general  they  maintained  contacts  with  colleagues 
throughout  the  research  process  altho'.gh  some  withdrew  in  the  second  stage 
to  work  alone. 

Allen  (  2)  investigated  scientists  and  engineers  on  research  and 
development  teams  and  found  that  the  proportion  of  total  time  spent  in  three 
modes  of  information-gathering  (literature  search,  consultation  with  techni- 
cal staff,  and  consultation  with  external  sources)  varied  over  the  duration 
of  projects.     Information-gathering  reached  its  maximuni  early  in  the  project, 
declined  in  the  middle  phase,  and  increased  slightly  in  the  final  stage.  For 
scientists,  written  channels  predominated  throughout,  challenged  by  verbal 
channels  only  in  the  second  stage.     Literature  was  an  effective  means  of 
generating  ideas  and  helped  determine  the  manner  in  which  the  ideas  would  be 
assessed.     Scientists  ^jpent  most  of  the  time  devoted  to  literature  search 
actually  reading  rather  than  searching  for  materials.     Engineers  also  had  a 
surge  of  information-gathering  activity  early  in  the  projects.     For  them 
written  channels  were  still  secondary  to  verbal  channels.     Written  channels 
were  strongest,  however,   in  the  early  phase,  declining  continuously  in  the 
last  two  phases.     There  were  two  periods  of  heavy  use  of  oral  channels:  one 
peaking  early  in  the  project   in  which  contacts  were  usually  established  with 
internal  sources,   the  second  in  the  final  third  of  ch^-  prelect  in  which  both 
internal  and  external  sources  were  contacted. 

We  are  dealing  in  this  presentation  primarily  with  formal  scientific 
communication.     Roth   formal  and   informal   forms  of  scientific  communication 
have  their  respective  rosts,  benefits,  and  sociological    implications  at  each 
stage  of  the  research  cycle,  according  to  Garvey  and  Griffith  (50).  Scientific 
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Journiilfl,  as  pnrt  of  this  fornuil   system    and  being,   for  the  large  p<irt: 
"quality  controlled",  perform  functions  not  only  of  communication  but  also 
respond  to  the  developing  and  shaping;  of  scientific  disciplines.  Also, 
being  formal  channels,   they  function  In  a  quasi-free  market  economy  in  which 
it  is  assumed  that  journal  quality  and  worth  are  Indicated  by  subscriber 
willingness  to  pay. 

Garvey,  Tomita,  and  Woolf  (52)  are  among  the  researchers  wiio  have 
put  the  use  of  scientific  information  into  the  context  of  the  performance  of 
research.     They  examined  how  information  use  changes  over  successive  stages 
of  research  projects.     When  sources  of  obtained  information  were  investigated 
over  all  stages  of  research,  2£caL  colleagues,  students,  and  journals  were 
the  most  important  sources.     When  formal  and  informal  sources  were  examined 
for  the  types  of  information  needs  which  they  satisfied  best,  they  seemed 
to  complement  each  other  perfectly: 

Journals  are  most  useful  in  providing  information  needed  to 
place  a  scientist's  work  in  proper  context  with  similar 
work  already  completed  and  to  integrate  his  findings  into 
current  scientific  knowledge  local  colleagues  and  stu- 
dents are  superior  providers  of  information  needed  to  se- 
lect a  design  for  data  collection,   to  design  equipment  or 
apparatus  or  to  choose  data-gathering  technique. 

In  reality,  a  high  proportion  of  documents  has  low  demand,  while 
a  small  proportion  has  high  demand,  according  to  King  and  Palmour  (69). 
This  was  pointed  out  in  the  American  Psychological  Association  studies  (4). 
Few  user  studies,  unfortunately,  measure  demand  and  actual  readership  of 
documents,  although  studies  such  as  those  described  by  MacKenzie  and 
Buckland  use  library  circulation  data  on  specific        iks  as  an  aid  in  the 
determination  of  loan  policies  (72). 

Actual  data  on  trends  in  this  Assimilation  stage  is  difficult  to 
come  by,   especially  as  an  input   to  the  development  of  scientific  information 
indicators.     Studies  such  as  those  dealing  with  scientific  innovation  and 
"criticn''    'ncidents"  do  not  generally  generate  longitudinal  data  of  the  type 
requir-      ^ or  this  reporr.     Therefore^    it  is  necessary  to  turn  to  citation 
analysis  studies,  which  provide  a  scc^^nd-order  record  of  the  volume  of  in- 
formatit^n  assimilated.  4  ^ 
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Citation  Analysis 


Citation  analysis  has  been  used  in  n  number  of  ways  to  describe 
science  and  scientific  communication.     One  of  the  most  significant  uses  has 
been  to  describe  trends  in  the  development  of  scientific  disciplines  and  sub- 
dlsclpllnes,  as  in  the  work  of  Price  (121).     Price  has  shown  how  the  study 
of  article  production  and  citation-  can  help  identify  core  areas,  or  "research 
fronts",  which,  when  studied  over  tim^^  give  an  Indication  of  the  relative 
Influence  and  importance  of  authors  and  disciplines. 

Price  and  Gursey    (127)  have  also  shown  that  the  population  of  source 
authors  and  cited  authors  can  be  subdivided  into  groups  of  "transient"  and 
"continuing"  authors.     Only  a  certain  percent  of  authors  are  cited  at  least 
once,  and  an  even  smaller  percent  are  cited  continually.     Both  percents  seem 
related  to  author  productivity,  i.e.,   those  authors  who  are  continually  cited 
have  a  higher  likelihood  of  being  continuous  publishers.     However,  in  Little 
Science.  Big  Science,  Price    (121)  warns  against  using  "numbers  of  papers  pub- 
lished" as  an  absolute  measure  of  author  performance.     Individual  journal  and 
article  quality  must  also  be  taken  into  account. 

Cole  and  Cole  (34)  studied  physicists  and  their  status  based  on 
number  and  pattern  of  their  citations  in  the  Science  Ci'tatlon  Index  and  found 
that  sheer  volume  of  publishing  has  little  relation  to  building  a  reputation; 
having  "a  few  solid  papers"  need  not  be  a  strike  against  one. 

In  the  field  of  chemistry.  Small  (137)   focused  on  the  relationship 
between  citation  rates  and  subject  orientation,  reviewer  rating,  author 
affiliation,  and  NSF  fundir^g.     He  concluded   that  the  specific  field  of  chemis- 
try followed  the  general  scientific  trend  in  that  a  core  of  books  and  articles 
was  the  focus  of  concentrated  interest.     Small  does,  however,  point  out  that 
many  cited  items  are    .Ider  items,  and  that  scientists  do  not  necessarily  con- 
sult a  book  or  report  each  time  it  is  cited.     This  is  evidence  that  raw  cita- 
tion data  would  not  be  a  perfectly  accurate  indicator  of  the  time  spent  by 
scientists  in  "assimilating"  the  literature. 

3ush,  Hamelman,  and  Staaf  (30)  used  citations  to  papers  appearing 
in  specific  economics  journals  from  other  journals  in  the  same  discipline. 
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Garfield  of  the  Inst  Unto  of  Scientific  Information  (A9  )  discusses  the  use 
of  cUaLloiis  to   Individual    joiirnnls   (unue  iglited ,  and  wt»lghted  by  tiie  number 
of  published  papers  to  produce  an  "impact  factor")   to  evaluate  Journals. 
Houghton    (61)  describes  tlieir  use  as  an  aid  to  journal  selection  by  librari- 
ans.    In  recent  years»  citation  figurus  have  draiNHi  increased  attention  as 
a  quant  itc^t  ivf  input   to  the  evabaation  of  both   Individual  scientists'  and 
research  programs'   output,  as  reported  by  Watle  (149). 

Another  significant  use  of  citation  data,  particularly  Important 
as  an  indicator  of  the  "health"  of  scientific  communication  and  research, 
is  the  comparison  of  U.S.  and  non-U. S.  journal  citation  patterns.  Narin 
and  Carpenter  (78),  working  with  a  data  base  drawn  from  Science  Citation 
Index  have  examined  trends  in  the  utilization  of  scientific  journals  through 
an  analysis  of  cross-citation  between  journals  and  disciplines  in  different 
countries.     Using  as  an  indicator  the  ratio  of  percent  of  citations  to  per- 
cent of  publications,   it  was  found  that  the  United  States  is  generally  the 
most  highly  cited  country  with  the  United  Kingdom  next.     The  U.S.  scored 
particularly  high  in  the  fields  of  physics,  chemistry,  and  molecular  biology, 
while  in  three  areas  the  U.S.  did  not  score  as  the  most  highly  cited;  syste- 
matic bielogy,  psychology,  and  engineering- 
Output  from  the  Computer  Horizons'   (78)  study  is  displayed  in  Table  7. 
and  Figure  7.1;   the  latter  selectively  plots  citation-to-publication  ratios 
for  the  United  States,  United  Kingdom,  and  USSR. 

We  should  note  that  the  process  for  defining  Field  of  Scl>ence  is 
different  for  the  particular  results,   so  that  a  direct  comparison  between 
Computer  Horizons'  and  Market  Fpcts'  data  is  not  possible  by  field.     It  should 
be  obvious,  however,   tliat  significant  differences  do  exist  between  various 
discipl ines . 

Also,    the  report  pc.^ints  out   that   the  relatively  low  ratios  for  the 
Soviet  Union  may  not  he  due  to  the  relative  quality  of  soviet  scientific 
literature,   but  to  a  possible  lark  of  availability  of  soviet   literature  out- 
side tiiat  country. 
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0.7L 

0.C& 

:96J 

1.3^ 

i.:i 

3,?3 

o.r9 

0.2S 

0. 70 

19$7 

i.ii 

l.?3 

1.?: 

0.34 

0.41 

0.66 

0.50 

196* 

l.?6 

1.26 

l.OJ 

0.56 

0,50 

3. 61 

0.61 

1971 

1.3L 

1.3L 

l.C^ 

0.93 

0.66 

O.el 

0.77 

L972 

:.3i 

1.07 

l.iS 

0.62 

o.:a» 

c.'.a 

0.75 

1763 

1.29 

1.19 

0.41 

0.35 

0.75 

■ 

1.27 

1.07 

0.42 

0.45 

0.J3 

C.6fi 

0.77 

1.J8 

i.:7 

0.^3 

0.3; 

0.47 

0.69 

3.  79 

1971 

i.:5 

1.17 

o.s: 

o.:3 

0*,37 

0.70 

3.77 

19:2 

1.:: 

0.:? 

0.35 

o.;6 

0.54 

0.76 

1963 

3.33 

I.j7 

0.79 

- 

0.93 

o«a2 

1967 

0.?', 

1.54 

:.:7 

0.87 

3.90 

o.eo 

L967 

0.37 

1.63 

i.lL 

o.es 

_ 

1.05 

o.rs 

1971 

1.75 

1,13 

l.OO 

_ 

0.94 

O.Sl 

1973 

1.01 

i.a« 

i.:o 

3.3?. 

_ 

0.^9 

0,73 

1?63 

1.03 

0.94 

- 

0.90 

19S< 

i 

1.C2 

1.13 

O.IS 

L969 

l.Oi 

o.n 

0.£2 

l.QL 

0.92 

- 

- 

1 

iv:  j 

! 

l.C-j 

0,94 

0.71 

1965  1 

1.2: 

1.C3 

CM 

0.i2 

0.31 

2.94 

C.81 

l.i? 

1.05 

C.60 

0.i7 

196^  1 

1.20 

1.10 

0.  *? 

0.15 

;97i  i 

i.ci 

1.17 

c; 

o.te 

l.I!» 

o.;o 

0.7S 

19U  j 

1.3i 

1.13 

O.Z'** 

C.76 

f .  '  r  .  •  -  •.  J  . 

-    1  ;«T.- 
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The  above  Computer  Horizons'  re.-.ults  referred  to  frequency  of 
citation;  the  same  study  also  showed  a  levelling-of f  during  1971-1972  of 
the  number  of  U.S.  publications,  accompanied  by  a  somewhat  complementary 
rise  in  the  numbers  of  publications  attributable  to  smaller  countries. 

The  Computer  Horizons'  study  goes  on  to  investigate  the  relation- 
ship between  the  previously  discussed  citation-to-publication  ratio  and 
individual  country's  publication  volume  for  1972  publications.     In  this 
analysis  of  a  quality  indicator,  citations  between  different  fields  of 
science  were  eliminated,  and  the  citation-to-publication  measure  of  different 
countries  was  "standardized"  by  dividing  by  the  ratio  of  country  x's  share  of  • 
publications  in  the  discipline  under  study.     Results  of  this  analysis  of 
1972  data 

"...reveals  that  U.S.  publications  are  cited  far  more  frequently 
by  scientists  throughout  the  world  than  those  of  any  country, 
even  after  allowance  is  made  for  the  larger  quantity  of  U.S. 
publications"  (78) 

Table  7.2,  "U.S.  Standing  as  Indicated  by  Citation  to  Publication  Measure", 
displays  these  results.     Further  studies  will  investigate  the  relationship 
between  publishing  volume  and  frequency  of  citation. 

Meadows  (74)  discusses  the  consequences  of  using  averages  to  describe 
citation  characteristics,  which  should  be  kept  in  mind  when  using  average 
citation  figures  as  a  measure  of  the  useage  of  scientific  and  technical  litera- 
ture.    First,  the  number  of  references  which  authors  cite  in  their  articles 
may  vary  considerably  over  time,  changing  with  the  subject  field  and  with  the 
journal  sample  under  consideration.     Second,  the  number  of  references  which 
an  author  makes  to  other  articles  in  his  or  her  own  article  depends  a  great 
deal  upon  the  age  of  the  cited  item,  with  recent  literature  being  much  more 
frequently  used  than  older  literature.    This  also  may  differ  with  the 
authorship  of  the  cited  literatu.-e.     An  author's  o-.m  or  co-work6r's  journal 
articles  may  be  cited  when  they  are  newer  simply  because  they  contain  directly 
relevant  research  information.     This  point  will  be  discussed  when  data  on 
article  transfer  channels  Is  presented. 
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Table  7.2      U.S.  STANDING  AS  INDICATED  BY 
CITATION  TO  PUBLICATION  MEASURE* 


Citing 
Country 

Cited 

and 

Citing  Field 

Math 

r?  ■«-«  /-> 

hng 

Phys 

Chem 

?1  .  D 1  0 

U.S. 

1 

34 

1 

53 

1    H  7 

i  .  J  J 

J.  •  JKJ 

1 . 09 

U.K. 

1. 

08 

1.00 

1 

40 

1.47 

1.31 

1.03 

.74 

.86 

W.  Germany 

1. 

10 

.89 

1 

24 

1.20 

1.21 

1.02 

.79 

.93 

France 

88 

1.16 

1 

.23 

1.33 

1.27 

1.19 

.78 

1.03 

USSR 

64 

.38 

.66 

.83 

1.06 

1.00 

.56 

.62 

Japan 

1. 

08 

1.18 

1 

43 

1.46 

1.31 

1.45 

.86 

1.02 

World 

1. 

24 

1.20 

1 

32 

1.47 

1.41 

1.34 

1.12 

1.06 

Non-U. S. 

1. 

11 

.96 

1 

22 

1.31 

1.30 

1.13 

.88 

.95 

Based  on  incomplete  data  for  1972  publications  supplied  by  Institute  for 
Scientific  Information  to  Computer  Horizons. 

SOURCE:     Computer  Horizons,  Inc.,  Further  Development  of  Indicators  of  the 

Quantity  and  Quality  of  the  Scientific  Literature  (NSF-C627,  Amend- 
ment #4),  February  1974. 
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We  found  in  the  journal  tracking  survey  that  the  total  number  of 
items  cited  pe-  le  has  been  fairly  constant  since  1962,  while  articles 

as  a  porporti  T  of  It^  ns  has  increased  slightly,  as  shorn  In  Table  7.1: 


Table  /.i; 


Year 


1962  . 

1964  . 

1966  . 

1968  . 

;    1970  . 

1972  . 

1974  . 


ESTIMATED  NUMBER  OF  ITEMS  CITED 
PER  ARTICLE:  1962-1974 

(All  Fields  of  Science  Combined)" 


Total  Number  of 
Items  Cited  Per 
Article 


16.4 
14.9 
15.9 
14.5 
15.3 
15.9 
16.5 


Number  of  %  of  Items 

Articles  Cited      Cited  Per  Article 
Per  Article      Which  are  Articles 


9.1 
8.7 
9.6 
8.4 
10.3 
10.5 
10.9 


55 
58 
60 
58 
67 
66 
66 


""""Items"  includes  journal  articles  plus  books,  monographs,  disserations , 
conference  proceedings,  etc. 

SOURCE:     Journal  Tracking  Survey,  Market  Facts,  Inc.,  Center  for  Quantitative 
Sciences . 


"Items"  includes  anything  which  an  author  may  reference  in  an  article:  books, 
articlps,    technical  reports,   films,  computer  programs,  cases,   laws,  statutes, 
n.atnphlets,  etc.     These  estimates  are  based  on  observations  of  more  than  3,000 
individual  articles. 

Journal  articles  cited  per  article  may  be  thought  of  as  a  measure 
of  the  use  of  the  periodical  literature,  especially  when  compared  with  how 
many'- other  items  per  article  are  cited.     In  the  table  shown  above.  It  appears 
that  the  relative  use  of  journal  articles   (cited  as  references  in  the  pub- 
lished literature)  has  increased  slightly  since  19^2,  when  all  fields  are 
considered  together.     Table  7.4  displays  the  number  of  nil  items  and  articles 
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Table        ESTIMED  Wi'M  OF  ITEMS  CITED  PER  ARTICLE, 
F;Y  FIZLD  OF  SCIENCE:  1962-1^74'' 


field  of 
?cfnicc 


riiyslciJ 


Life  Sciences 


Pry cho logy 


firlr'tircfl 


Ot:n!r 


All 


1%2 

196^ 

19^ifl 

19/0 

1972 

1974 

8.2 

15.6 

13.5 

!'i.5 

13.5 

111.7 

ArtlrJoa 

7.9 

6.1 

12.6 

lO.I 

31.9 

m.o 

:2.9 

('0  Article!^ 

78,0 

7-».n 

Bi.O 

75.0 

3^o 

74.0 

Total  UcPi3 

a; 

8.4 

a.o 

7.P 

8.8 

7.5 

9.5 

Articlfn 

9.3 

5.0 

^6 

4.7 

[I)  Articlcfl 

'  6R.0 

60.0 

64.0 

61.0 

6". 11 

Torn  I  llrns 

7.5 

7.5 

10.2 

7./i 

6.9 

8,7 

J. 7 

3.fi 

2.9 

G.2 

3.5 

3.5 

].9 

.'.,4 

^9.0 

3B.0 

01. 0 

4S.0 

51.0 

4'».0 

4 1.0 

\U 

)/..l 

U.7 

13.9 

22.2 

12.5 

M 

10. 0 

10,9 

'  *'  \   A  r  f  i  r  1  i«n 

7'i.0 

6m.  0 

71.1' 

7f'.« 

77,1} 

lt''iT; 

6.? 

f..7 

K.7 

10.2 

;.!( Il  l"'; 

V) 

5.2 

lO.'' 

\  if   III  k  tl, ;  La 

6^0 

50.0 

62.0 

oi.o 

7(..n 

15,5 

15.1 

13.4 

13.2 

15.0 

15.1 

14.0 

ArLjc!,**: 

il.f. 

11.3 

11,0 

10.4 

1?,0 

n.o 

ii.;^ 

{1}  ArtirJps 

75.0 

ft 

TiiMl 

11.5 

u,u 

14.,] 

15.2 

11.7 

7.7 

5.7 

8.2 

10.2 

S.3 

CO  ArticlPfl 

5?.il 

f>0.0 

ft'j.O 

61.0 

fXO 

18.2 

30.? 

io.n 

32.2 

23,7 

ArilHnr 

/uO 

M 

11.0 

12.0 

n.o 

2d.O 

25.0 

Totnl.  Uouis 

:o.5 

)7.0 

19.1 

9.6 

IM 

14.9 

IS.l 

ArtUloi 

fi.2 

0.4 

13.4 

6,4 

f).l 

7.9 

(I)  Artlflra 

60.0 

■70.0 

70.0 

65.0 

Yj.O 

.S3.0 

n.o 

ToUl  UcPrt 

16,i 

U.9 

15.9 

15.3 

15.9 

1^.5 

Articles 

9. J 

s.? 

9, 5 

Vi 

10.3 

10.5 

10,? 

\l)  Articles 

53.0 

Sfi.O 

00,0 

50.0 

67.0 

66.0 

6^.0 

ERIC 


"Utni"  Includcfl  Jo'ifnnl  .nttlcles  plus  book.'i,  isonogrophii,  disscrtntlons,  conference  procccdlngo,  etc. 
sown:  Journnl  Trnrklrp,  Survey^  Market  Facts,  Inc,  Center  for  Quontltntlvc  Sclcitres, 
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cited  per  article  by  field.     Also  given  in  this  table  is  the  percent  of 
items  cited  per  article  which  are  journal  articles.     For  most  fields,  the 
percentage  of  journal  articles  among  all  citations  is  in  the  range  60  to 
80  percent,  with  Physical  Sciences,  Life  Sciences,  and,  to  a  lesser  extent, 
Environmental  Sciences  on  the  high  end,  and  Computer  Sciences  and  Social 
Sciences  on  the  low  end.     Social  Sciences  is  low  because  of  the  influence 
of  a  number  of  law  journals  in  the  sample,  in  which  the  ratio  of  journal 
articles  to  total  numbers  of  laws,  statutes,  and  cases  is  especially  low. 
We  would  also  expect  Social  Sciences  to  be  low  in  this  regard  due  to  the 
importance  of  books  and  monographs  relative,  say,  to  the  natural  sciences. 

Meadows  (74)  suggests  an  average  of  twelve  to  fifteen  references 
for  each  published  article^     Our  estimates  are  slightly ' higher  when  all 
fields  of  science  are  combined,  ranging  from  14.5  to  16.5  for  the  period 
1962  through  1974.     Our  data  for  individual  fields  of  science  also  demon- 
strate field  differences  for  the  number  of  total  items  and  articles  cited 
per  article. 

The  actual  significance  of  the  variations  in  types  and  numbers  of 
items  cited  per  article  across  time  and  across  fields  of  science  is  difficult 
to  determine.  We  have  assumed  that  it  shows  generally  that  journal  article 
authors  in  some  fields  make  heavier  use  of  the  journal  literature  than 
authors  in  other  fields.  I'Jhat  this  signifies  about  substantive  differences 
in  the  role  played  by  scientific  and  technical  journals  in  different  fields 
we  cannot  say. 

The  number  of  technical  reports  cited  per  article  was  also  counted 
in  the  journal  tracking  survey,  but  the  results  of  this  analysis  showed  that 
the  average  number  of  technical  reports  cited  per  journal  article  is  usually 
less  than  1.0  for  most  combinations  of  field  of  science  and  year.     We  had 
hoped  to  detect  a  change  in  the  percentage  of  items  which  are  technical 
reports,  possibly  correlating  this  with  NTIS  sales,  but  the  data  are  in- 
conclusive.    It  appears  that  there  are  still  barriers  to  acknowledgement 
of  technical  reports  to  the  '*open"  journal  literature.     A  better  indicator 
of  assimilation  of  information  contained  in  technical  .reports  may  be  the 
citation  of  technical  reports  by  other  technical  reports. 
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7.3 


The  Cost  of  Assimilation  of  Scientific  and  Technical  Literature 


There  is  not  a  grent  deal  of  data  on  the  cost  of  reading  (or 
assimilating)  scientific  and  technical  literature.     The  special  appendices 
to  the  SATCOM  (59)  report  which  were  prepared  by  Conyers  Herring  reported 
>  several  studies  that  provide  some  evidence  concerning  these  costs  in  the 

early  1960's;  we  did  not  identify  any  further  information.     However,  chances 
are  that  the  amount  of  time  spent  by  scientists  reading  journal  articles 
or  books  has  not  changed  too  much.     What  has  changed  is  their  labor  costs* 

The  SATCOM  gives  a  good  summary  of  what  is  probably  the  best  source 
of  information,   the  study  prepared  by  Case  Institute  of  Technology  in  1960  (33)* 
In  this  study,  the  operations  researchers  measured  the  proportion  of  time 
spent  by  physical  scientists  in  scientific  and  technical  information  communi- 
cations activities.     This  measure  was  established  by  use  of  a  random  alarm 
mechanism  (RA^l)  which  rang  at  random  times  during  the  day  at  which  time 
scientists  recorded  the  activity  in  which  they  were  engaged.     They  found, 
from  a  sample  of  297,   that  chemists  working  for  research  departments  read 
journals  on  an  average  of  3.3  percent  of  the  time  while  others  read  an 
average  of  l.A  percent  of  the  time.     The  corresponding  proportion  of  time  for 
a  sample  of  AOA  physicists  was  2.7  percent  and  1.0  percent  respectively.  The 
average  for  all  physical  scientists  would  be  about  2.0  percent  of  their  time 
spent  reading  journal  articles. 

Overall,   the  average  time  spent  reading  journal  articles  was  2.0 
hours  per  week.     An  earlier  study  (33)  had  estimated  2.7  hours  per  week  for 
chemists.     The  American  Chemical  Society  reported  that  industrial  chemists 
spent  5.8  hours  per  week  using  primary  journals  and  2.7  hours  per  week  using, 
books.     We  will  assume  from  this  that  scientists  spend  about  one-half  the 
amount  of  time  reading  books  as  they  do  reading  journals.     If  one  assumes 
that  the  average  time  reading  journals  is  in  proportion  to  the  production  of 
journal  articles,  we  can  make  gross  estimates  of  the  costs  incurred  annually 
in  reading  journal  articles.     Thus,  physical  scientists  would  read  journal 
articles  on  an  average  of  A1.6  hours  per  year.     They,   in  turn,  produced  an 
average  of  0.0A3  articles  per  scientist  in  1962  whereas  the  scientific  and 
engineering  communities  as  a  whole  produced  0.086  articles  per  scientist  in 
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that  year.     Thus,  we  assume  that  overall  the  average  annual  time  devoted 
to  reading  journals  is  83.2  hours.     It  is  further  assumed  that  this  number 
remains  reasonably  constant  over  the  years. 


The  estimate  of  the  amount  of  time  reading  books  is  one-half  that 
of  journal  articles,  based  on  the  study  mentioned  above.     Thus,  we  will 
assume  that  scientists  and  engineers  spend  an  average  of  A1.6  hours  per  year 
reading  scientific  and  technical  books.     As  a  very  gross  estimate  of  the 
amount  of  time  spent  reading  scientific  and  technical  reports,  we  will  assume 
that  every  copy  ordered  from  NTTS  and  GPO  is  read  for  two  hours  on  the 
average.     Any  total  generated  from  this  number  is  likely  to  be  highly  con- 
servative since  there  are  many  more  reports  than  those  distributed  by  these 
agencies,  and  copies  distributed  are  likely  to  have  multiple  readings. 

Even  though  these  estimates  are  based  on  old  data  obtained  in  a 
limited  field,  we  feel  that  the  overall  order  of  magnitude  of  costs  is  not 
out  of  line.     The  funds  expended  in  reading  scientific  and  technical  litera- 
ture are  substantial  and,  like  the  expenditure  in  writing  articles,  should 
be  considered  when  studying  the  overall  journal  system. 

If  one  assumes  41.6  hours  per  year  reading  journals,  in  197A  there 
would  have  been  an  accumulated  total  of  110  U,S.  scientist-hours  spent,  on 
the  average,  reading  each  U . S . -published  article.     (This  number  assumes  tha* 
all  articles  are  read  the  year  published.     Of  course  many  articles  read  in 
1974  were  old  articles  and  many  articles  published  in  1974  will  be  read  in 
the  future.)     Similarly,  if  one  assumes  20.8  hours  per  year  reading  books 
in  1974,   there  would  have  been  an  accumulated  total  of  about  2,400  scientist 
hours  spent  for  each  hook  copy  distributed.     These  figures  do  not  seem  un- 
reasonable.    Technical  reports  are  assumed  to  he  read  two  hours  for  each 
copy  dis  trihu  ted . 

The  total   costs  for  literature  assimilation  derived  from  these 
gross  estimates  are  given  in  Tahlp  7.5.     Since  the  costs  reflect  both  an  in- 
crease in  salaries   (above  the  GNP  i^iplicit  price  deflator)  ;ind  an  increase 
in  number  of  scientists,   the  current  dollar  costs  have  increased  307  percent 
from  1960  to  1975  and  should  increase  59   p^-rcent  from  1975  to  1980.  Even 
in  constant  dollars  this  increase  is  126   percent   from  1960  to  1975.  Thus, 
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Tabic  7.5 


LSTiM vri-!)  TO'iva,  COST  01*  AS^i ) i .A'i  i o::  or  Ti;:-:  y.oa\: 
joi-'K:w\l,  a:-;u  kr.pui^v  liti.i:' Tin:)::  1900-1900 


(Millions  of  Dollars) 


'^^^^  ■ 

327 

654 

981 

^  qClI 

352 

705 

1,057 

^  OA  9 

3B2 

763 

1,345 

416 

832 

1,248 

1964  

887 

1,331 

493 

986 

1.479 

1966 

545 

1 ,090 

31 

1,665 

^  Qfi7 

606 

1  212 

50 

1,863 

1963 

663 

1. 325 

3 ' 

2,026 

^Qf^Q 

740 

1  4*^0 

58 

.  .278 

1970   

814 

1,628 

70 

2.512 

1971  

875 

1.750 

84 

2,709 

1972 

932 

1.863 

125 

2,920 

1973   

1»033 

2,066 

159 

3,2j8 

1974 

1,143 

2,285 

156 

3.534 

r!i0JECTic:;s  

2,528 

1975   

1,264 

205 

3.997 

1976   

1.398 

2,796 

235 

4,430 

1,540 

3,079 

273 

4.892 

1973   

1.679 

3,358 

306 

5,3i3 

1979   

1.833 

3,666 

3/1 5 

5.844 

19S0  

1,985 

3,970 

384 

6,338 

1960-65  .... 

50 

ri:KC-NT  Ci>o::w.-:  

51 

51 

1965-70  .... 

65 

65 

70 

1970-75  .... 

55 

55 

193 

59 

1975-50  .... 

57 

57 

87 

59 

SOURCE:    Markf-c  Fa^Cij 

,   Inc .  ,  Cc 

r.tcr  for  Q-:  CJLiv 

i    Sc  t'TlCL'S  . 
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the  impact  of  the  magnitude  of  likely  costs  in  this  activity  and  the  enor- 
mous increase  in  costs  over  time  rray  have  real  implications  on  the  future 
of  journal  system-^  and  should  not  be  ignored  in  planning  or  systems  design. 
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SECTION  8 


TOTAL  COST  OF  COM>nJNICATING  SCIENTIFIC 
AND  TECHNICAL  INFORMATION 

8. 1  Introduction 

In  this  section  we  present  estimates  of  the  total  cost  of  communi- 
cating scientific  and  technical  information,  the  relative  use  of  the  various 
journal  article  transfer  channels,  the  median  age  of  cited  articles,  and  esti- 
mates of  the  cost  effectiveness  of  individual  article  transfer  channels  in  terms 
of  cost  per  use. 

We  have  seen  that  there  are  six  functions  involved  in  the  transfer  of 
information  from  originator  to  user,  and  that  each  function  has  certain  costs 
associated  with  it.    We  have  also  seen  that  there  are  several  forms  used  in  the 
formal  transfer  of  scientific  and  technical  information,  chief  among  them  being 
articles  and  books. 

Table  8.1  shows  the  1960-1980  trends  in  total  cost  of  communication 
of  information,  subdivided  by  books,  journals,   technical  reports  and  other  media. 
The  cost  for  each  was  calculated  by  determining  the  composition,  recording,  re- 
production^ and  other  costs  associated  with  each.     The  highest  costs  are  associated 
with  journals  which  account  for  63  and  66  percent  of  total  communication  costs 
in  1960  and  1980  respectively.     It  is  pointed  out  that  the  estimated  cost  of 
producing  scientific  and  technical  journals  is  based  on  extrapolating  costs  of 
scholarly  journals  to  the  number  of  scientific  and  technical  journals  published 
in  the  United  States  that  were  reported  by  the  British  Library  Lending  Division, 
Scientific  and  technical  books,  on  the  other  hand,  account  for  a  range  of  28 
percent  to  23  percent  during  the  1960-1980  period.    The  increasing  percentage 
of  total  costs  accounted  for  by  journals  is  a  result  not  only  of  increasing 
numbers  of  journals  and  articles,  but  also  the  increasing  costs  associated  with 
producing  and  distributing  them. 

Figure  8.1  shows  the  estimated  and  projected  1960-1980  trends  in  costs 
associated  with  journals  and  books,  accompanied  by  constant  1967  dollar  values 
estimated  using  the  GNP  deflator  and  our  projection  of  that  deflator.     For  both 
current  and  constant  dollar  values,   the  journal  costs  are  increasing  much  faster 

than  book  coBts. 
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Table  8.1      ESTIMATED  TOTAL  COSTS  OF  COM>fUNICATTNG 
SCIENTIFIC  AND  TECHNICAL  INFORMATION, 
BY  MEDIUM:  1960-1980 


(Millions  of  Dollars) 


Year 

Books 

Journals 

Reports 

Och'tr 

Literature 

Total 

1960   

571 

1,277 

22 

141 

2,013 

1961  

631 

l,a61 

26 

lAl 

2.264 

1962   

688 

1,616 

28 

157 

2,490 

752 

1.788 

32 

165 

2^737 

817 

1,897 

34 

177 

2,925 

901 

2,105 

57 

214 

3,279 

1966   

1^004 

2,384 

105 

219 

3,712 

1967  

1.116 

2,724 

135 

235 

4,212 

1968   

1,235 

3,042 

133 

264 

4,673 

1969   

1,376 

3,410  - 

175 

306 

5.267 

1970   

lo5l9 

3,789 

205 

334 

5,846 

1971  

1,660 

4,145 

239 

360 

6,402 

1972   

1,777 

4,491 

305 

365 

6.939 

1973   

1,953 

5,03^ 

364 

400 

7.751 

1974  

2,UA 

5,559 

388 

433 

8.525^ 

1975   

2,352 

  PROJECTIONS   

6,11^  471 

494 

9,431 

1976   

2,570 

6,852 

539 

543 

10,504 

2,807 

7,572 

619 

597 

11,595 

1978   

3,039 

8,304 

693  • 

648 

12,684 

1979   

3,288 

9,108 

781 

707 

13,889 

1980   

3,538 

9,943 

877 

770 

15.128 

1960-65    .  .  . 

58 

  PERCENT 

72 

CHANGE   

159 

52 

63 

1965-70     .  .  . 

69 

80 

260  ■ 

56 

78 

1970-75    .  .  . 

55 

72 

130 

48 

61 

1975-80    ...  . 

50 

67 

86 

56 

60 

SOURCE:     Market  Facts,  Inc . , 'Cencer  for  Quantlcactve  Sciences. 
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Table  8.2  and  Figure  8.2  show  the  estimated  1960-1980  total  costs  of 
coTnmunicating  scientific  and  technical  information,  subdivided  by  function.  The 
function  accounting  for  the  largest  portion  of  total  costs  is  assimilation,  with 
49  percent  and  A2  percent  of  the  total  in  1960  and  1980  respectively.  Composition 
and  recording  ranks  second  over  the  latter  years  of  the  1960-1980  period,  and 
accounts  for  a  range  of  17  percent  in  1960  lu  23  percent  in  1980.     The  identifica- 
tion and  access  function  also  represents  slenificant  costs,  somewhat  more  than 
20  percent  of  the  total  throughout  the  period. 

These  three  major  functions  —  assimilation,  composition  and  recording, 
and  identification  and  access  —  are  made  up  primarily  of  scientists'  labor  costs. 
Significantly,   these  labor  costs  are  rising  faster  than  the  funds  expended  on 
research  and  development.     In  current  dollars,  assimilation,  composition  and  re- 
cording, and  identification  and  access  costs  are  projected  to  rise  59,  73  and  65 
percent  respectively  while  total  R&D  funding  is  expected  to  rise  only  41  percent. 
These  factors  point  to  a  need  for  reducing  costs  associated  with  the  scientists' 
preparation  and  use  of  the  literature. 

As  a  further  breakdown,   the  costs  of  communicating  scientific  and  tech- 
nical information  can  be  shown  by  function  for  each  of  the  four  media  types, 
litis  is  done  in  Tables  8.3,  8.4,  8.5  and  8.6.     Significant  differences  can  b'e 
observed  between  the  various  media;  in  particular,  overall  growth  is  greatest 
Tor  the  technical  report  literature,  with  journals  also  showing  substantial  in- 
creases in  costs  based  on  the  volume  of  activity.     Throughout,   the  functions  of 
composition  and  recording,  identification  and  access,  and  assimilation  account 
''^r  the  majority  of  the  costs,  with  publication  and  distribution  also  playing 
an  important  role,  especially  for  journals. 

8.2  Relat  ive  Use  of^  Jojirnal  Ar t i^cle  Tran^^^fer  Channels 

As  we  mentioned  previously,   there  are  a  variety  of  ways  in  which  a 
user  might  obtain  a  journal  article   (or  a  copy  of  an  article).     Section- 6.3 
described  physical  access,  which  is  one  of  the  simplest  ways  of  describing  the 
path  an  article  takes  froxii  an  author  to  a  user.     Consider  the  following  flow 
model  whore  A  =  Author,  P  =  Journal  Publisher,  L  *  Library,  C  =  Colleague  or 
office  collection,  and  U  =  User: 


353 


■'.'i!..:        l^n:[>m  TiV.-  COS'i'S  Oi'  CCM;>]Utr:CATINC  SCIENTIFIC  m  TEC!1M:C;',1, 

lAFORrailO'A',  HY  FUNCTION:  1960-1980 


(Millions  cf  Dollars) 


■■     "'-J ;  



 Li*::v,'l'lL  

— Ai:^:::!  

A  i'iinl'  .j  |<i;i 

 rnr.! 

rr.it  

1'.. 

J/ 

%i 

2,ti'i 

r..|   1 

'.2 

u/ 

2,21,; 

'J 

7'i 

2,VJJ 

!')',|  

'lul 

M 

li07 

1.24lj 

2//]/ 

"m  1 

% 

(I'lB 

1,')31 

1  ''ii 

i.'ii 

ii't 

101 

/I8 

1  /  7(1 

\27') 

1  'III'  ,  1  t  •  • 

Ml 

11 

ll5 

/D2 

1,|J0(> 

3,;i2 

,  V  ;  

■  ,)•♦ 

12il 

HH] 

4,212 

t<..,*  1 
l.'tli/   1 

'JO 

152 

:!,02fi 

4,()7^ 

/,,.]   ' 

172 

1,U'j4 

2,27)1 

5,2(.'/ 

I'nl-  

Dlti 

121 

1,207 

2,:jI2 

5,V',6 

?iH 

1,311 

2,/i)'i 

(i,4ii2 

1  t'plrl 

uY) 

l,'iiK' 

2;i2() 

1  ti  '  i  ! 

til  1 

Ifj'i 

25'J 

l.,5!)i 

J,25i{j 

7,7!)l 

  ■ 

i7t; 

2/3 

],?15 

3,Sd4 

.... 

%{) 

rnij^s  

i.vr/ 

3,1)')? 

'j,;ii 

I'/.i   ' 

'Jj? 

2,12] 

4, 4  JO 

l(),')l]4 

J  V /  

1 , 1 1  > ' 

IV) 

2,332 

4,b'}2 

1 

I'l  '>l 

>  It '  1 

232 

m 

/|iJ2 

2,i<J0 
2,.ifjJ 

5,34] 
c  in 

12,(jl!-i 
1 1 ,  f.d'i 

r..Mj   ■ 

i 

i.r/'j 

429 

3.lf)5 

6.318 

15j2i} 

... 

'/; 

 rniCKNI  CHANCE  

61 

!)2  . 

l;J 

lv->/()  .  ,  ,  : 

lOt 

m 

Hl> 

68 

?H 

Viiu-n  .  .  .  ; 

■/I 

56 

M 

ill 

yj 

W 

61 

l'i?>ilO  ,  .  .  ' 

'M 

44 

31 

41) 

6b 

S!l 

60 

SM!:;  Iljrka  Lctii,  Inc.,  Center  for  (JuantlUtlvt  Sclciicca, 


Figure  8.2      TOTAL  STI  COMMUNICATION  RESOURCE  EXPENDITURES  BY  MEDIUM  IN  CONSTANT 

DOLLARS:  1960-1980 
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Table  8.3    ESTIMATED  COSTS  OF  COMMUNICATION  SCIENTIFIC  AND  TECHNICAL 
INFORMATION  IN  BOOKS,  BY  FUNCTION:  1960-1980 


(Millions  of  Dollars) 


j  Conpoaltlon 

Reproduction 

Acqulnltlon 

OrgnnhAtlon 

Identification 

1         4  Recording 

h  DinFrlhiirInn 

a  jtor/ll;C 

a  lontroi 

&  Acccsa 

Asslnllntlon 

Totnl 

I960  .  .  ,  .  . 

Ik 

2i 

117 

328 

571 

1961  

i  21 

1 

^0 

26 

136 

352 

631 

1962   

1  26 

on 

a 

29 

U6 

382 

688 

1963  

33 

32 

162 

416 

752 

1%4  

DO 

Jo 

36 

175 

444 

817 

1955   

1                            ^  J 

01 

71 

40 

194 

493 

901 

1966   

'  \f\ 
1  ..J 

45 

45 

215 

545 

1,004 

llo 

51 

51 

241 

606 

1.116 

1568   

12'J 

61 

61 

268 

663 

1,235 

1969  

58 

10 

6B 

68 

f 

299 

740 

1,376 

l7/U  1    1    «   «  > 

75 

75 

330 

814 

1,519 

to?! 

iDD 

87 

87 

360 

875 

1.660 

L^U  t  t  1   «  . 

VI 

180 

94 

94 

385 

932 

1,777 

10/1 

190 

102 

102 

424 

1,033 

1,953 

to?/. 

111 

200 

109 

109 

466 

l.W 

2,144 

1975   

124 

206 

 PROJECTIOJIS  - 

121 

121 

516 

1,264 

2,352 

J9/6  

138 

216 

127 

127 

564 

1,398 

2,570 

19?7  

152 

226 

136 

136 

617 

1,540 

2,807 

1  A*)  0 

IV/8  

166 

237 

W 

144 

669 

1,679 

3,039 

1979  .  .  «  .  , 

182 

247 

151 

151 

724 

1,833 

3,283 

im  

199 

257 

159 

159 

779 

1,985 

3,538 

196(J-6J  .  ,  > 

:o7 

38 

— —  PERCENT  CHANGE 

74 

66 

50 

5f 

TO- 70  ,  .  . 

66 

86 

88 

70 

65 

6'! 

19/0-'/J     .  . 

6') 

35 

61 

61 

56 

55 

55 

1975-110  .  .  . 

^() 

25 

31 

31  •' 

51 

57 

50 

1970-7S  .  .  . 

66 

36 

61 

61 

56 

55 

55 

19)S-80  .  .  . 

60 

25 

31 

31 

51 

•57 

50 

SOURCE:  Market  Pacti,  Inc,  Center  for  (Jjantltdtlvc  Sciences 


Table  8.4    ESTIMATED  COSTS  OF  COMMUNICATING  SCIENTIFIC  AND  TECHNICAL 
INFORMATION  IN  JOURNALS,  BY  FUNCTION:  1960-1980 


(Millions  of  Dollars) 


Composition 

Reproduction 

Acqulnltlon 

OrRitnlzation 

lilpnt  1  f  ifnt  Inn 

AUtll V  14  iUll 

Year 

i  Recordlnn 

t  Dlntributlon 

i  Storage 

&  Control 

6  Access 

Assimilation 

Tot<l ' 

1960   

204 

88 

13 

29 

289 

654 

1,277 

1961  

26] 

113 

15 

34 

332 

704 

1,461 

1962   ' . 

269 

172 

17 

37 

358 

763 

1,616 

1963   

316 

1B9 

19 

40 

392 

832 

1,788 

196'i  

319 

208 

21 

45 

417 

887 

1,897 

1965   

357 

22/ 

2] 

51 

461 

986 

2,105 

1966   

452 

250 

26 

58 

508 

1,090 

2,384 

196/  

559 

294 

30 

64 

JDJ 

'^  111 

2,724 

1968   

636 

342 

35 

76 

628 

3,042 

1961  

707 

400 

40 

B6 

697 

1  410 

197(1  

794 

460 

44 

94 

769 

1,628 

I9;i  

fl90 

512 

50 

1(19 

RI4 

1,?M) 

4,145 

1972  

9fi9 

574 

55 

120 

890 

1,863 

4,491 

1973   

1,143 

651 

59 

126 

989 

2.flfi5 

5,034 

1974  

1,264 

720 

63 

136 

i  1 U  7  1 

5, 5,1? 

1975  ....... 

1,400 

741 

PROJECTIONS - 

70 

•  :  .1^4 

1,221 

■  2,528 

6,114 

1976  .  . 

1,655 

•805 

74 

166 

1,356 

2,796 

6,852 

J977  

1,855 

873 

79 

179 

1,507 

3,079 

7.572 

197d  

2,061 

944 

84 

194 

1,663 

3,358 

8,304 

1979   

2,285 

1,019 

87 

•  206 

1,845 

3,666 

9,108 

1980   

2,512 

1,097 

92 

222 

2,050 

3,970 

9,943 

1960-6J  

75 

158 

  PERCENT  CHANCE 

77 

'76 

60 

51 

72 

1967-70   

122 

84 

91  • 

84 

67 

65 

80 

1970-75   

76 

61 

59 

64 

59 

55 

61 

1975-80   

79 

48 

31 

44 

68 

57 

63 

SOURCE:  Harket  Facte,  Inc.,  Center  for  (Juintltatiye  Science 


Table  8.5    ESTIMATED  COST  OF  COMMUNICATION  SCIENTIFIC  AND  TECHNICAL 
INFORMATION  IN  TECIICAL  REPORTS,  BY  FUNCTION:  1960-1980 


(millions  of  Dollars) 


 Ytar 

H60  

m  

mi  

1963   

1%«  

1965   

1966   

196/  

1968  

1969   

U 

\ti  1970   

09 

1971  

1972  

197J  

197<  

,  1975   

1976   

1977   

1978   

1979   

1930   


1960-65  .... 

1965-70  .... 

1970-75  .... 

1975-80  .... 


Cofflpoalclon 
4  Record  Inn 

Reproduction 
i  Dlfltrlbutlon 

Aqulflltlon 
6  Storm 

OrMnlmtlon 
&  Control 

locnuiKflClon 
6  Access 

Asiilnliiition 

Tot«l 

•* 

■ 

- 

3 

19 

fi 

22 

- 

- 

22 

m 

26 

to 

■ 

4 

24 

m 

28 

- 

1 

M 

4 

27 

tit 

- 

19 

1 

m 

5 

28 

m 

u 

2 

m 

5 

31 

ei 

31 

2 

- 

6 

35 

31 

ivJ 

36 

4 

H 

6 

39 

50 

135 

38 

4 

1 

8 

.  44 

38 

133 

53 

5 

1 

9 

49 

58 

175 

65 

5 

1 

10 

54 

70 

205 

78 

6 

1 

11 

59 

84 

239 

95 

a 

2 

12 

6} 

125 

305 

107 

12 

2 

13 

n 

159 

364 

125 

12 

2 

14 

79 

156 

388 

1'.5 

13 

 PROJECTIONS  — ■ 

2 

16 

90 

205 

471 

168 

16 

2 

17 

101 

235 

539 

192 

19 

2 

19 

114 

273 

619 

216 

20 

2 

ZO 

129 

306 

693 

243 

22 

2 

22 

147 

345 

781 

271 

25 

3 

25 

169 

364 

877 

m 

 PERCEirr  CllAHCB  - 

67 

63 

159 

242 

100 

100 

74 

260 

123 

160 

100 

60 

67 

193 

130 

87 

92 

50 

56 

88 

87 

86 

SOURCE:  Market  Ficts,  Inc.,  Center  for  Qusntmtive  Sciences, 
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Table  3.6    ESTIMATED  COST  OF  COMMUNICATING  SCIENTIFIC  AND  TECHNICAL 
INFORMATION  IN  OTHER  LITERATIE,  BY  FUNCTION;  1960-1980 


(Millions  of  Dollars) 


1960  . 
1941  , 

1962  . 

1963  . 

1964  . 

1965  . 

1966  . 

1967  . 

1968  . 

1969  . 
19/0  . 
19/1  . 
19/2  . 
19/3  . 
J9//.  . 


19/5 
10/6 

19/.' 

:vH 

IS. 
1980 

1960-65 
1965-70 
1970-75 
19/5-80 


Conpoiltlon 
i  Record  ln|^ 


119 
118 
129 
134 
144, 
178 
178 
190 
211 
247 
2W 
289 
2fl8 
318 
338 


386 
423 
462 
497 
536 
573 


50 
51 
43 
48 


Acqullltlon 


Organization 


100 
50 


■  PROJECTIONS . 


16 
17 
19 
20 
22 
25 


■  PEnCEHT  CHANGE  ■ 


67 
100 
60 
56 


Idcntl (lent  Ion 


6  Control 

d  Access 

Totil 

J 

19 

3 

22 

111 

t, 

24 

ul 

m 

t 

il 

165 

5 

28 

177 

5 

31 

2U 

PN 

6 

35 

219 

m 

i 

39 

235 

1 

8 

44 

264 

1 

9 

49 

306 

1 

10 

54 

334 

1 

11 

59 

360 

2 

12 

63 

365 

2 

13 

67 

400 

2 

14 

79 

433 

90 
101 
114 

14. 


63 
74 
67 


494 
543 
597 
648 
707 
770 


52 
56 
48 
56 


SOURCE;  Market  Facti,  Inc.,  Center  lot  (Quantitative  Sciences, 
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Figure  8.3      JOURNAL  FLOW  MODEL 

In  actuality,  each  of  the  channels  one  through  nine  represents  a  group  of  alterna- 
tive paths  leading  up  to  use  and  assimilation  of  information  contained  in  the 
journal  literature.     Table  8.7  describes  and  lists  participants  in  these  physical 
access  channels.     Each  potential  channels  described  varies  according  to  frequency 
of  use.     This  was  verified  by  the  Author  "Purvey,  which  focused  on  the  direct 
channels  one  through  four. 

It  is  possible  to  further  subdivide  the  channels  by  method  of  identi- 
fication.    In  other  words,  once  a  potential  user  identifies  an  article,  there  are 
then  a  variety  of  channels  available  for  obtaining  a  copy  of  that  article.     It  is 
reasonable  to  suppose,  also,  that  there  exists  a  relationship  between  how  a  user 
obtains  an  article  and  how  the  user  identified  the  article.     Theoretically,  it 
should  be  possible  to  develop  rough  estimates  of  the  costs  associated  with  these 
various  channels . 

Consider  the  following  methods  of  identification  by  which  a  user  finds 
out  about  an  article: 

Table  8.8      METHODS  OF  IDENTIFICATION  OF  JOURNAL  LITERATURE 


1.  Discovered  while  reading  own  subscription 

2.  Discovered  while  reading  library  subscription 

3.  Discovered  while  reading  colleague's  or  office  subscription 

4.  Received  preprint  from  author 

5.  Obtained  preprint  from  colleague 

6.  Received  reprint  from  author 

7.  Received  reprint  from  colleague  or  co-worker 

8.  Referred  to  article  by  colleague  or  co-worker 

9.  Referred  to  in  another  article,  book  or  report 

10.  Found  in  search  of  printed  indexes 

11.  Found  in  output  of  computerir.ed  literature  search 

12.  Found  in  c    rrent  awareness  or  SDI  list 
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Table  8.7      PHYSICAL  ACCESS  CHANNELS  FOR  JOURNAL  LITERATURE 


Path 

Participants 

Alternative  Descriptions 

1 

Author  and  User 

(a) 

User  obtains  reprint  from  author 

(b) 

User  obtains  preprint ' from  author 

TT'^PT  <^iib<^ ptI bp <^   ^o  iournal 

(b) 

User  obtains  reprint  from  publisher 

3 

Library  and  User 

(a) 

User  reads  library  subscription  issue 

(b) 

User  reads     ibrary  microform  edition 

4 

Colleague  and  User 

(a) 

User  obtains  reprint  from  colleague  or 

office  collection 

(b) 

User  obtains  preprint  from  colleague  or 

office  collection 

(c) 

User  reads  colleague  or  office 

subscription  issue 

5 

Author  and  Publisher 

Publisher  accepts  manuscript  for 

publication 

6 

Publisher  and  Library 

(a) 

Library  subscribes  to  journal 

(b) 

Library  pitrchases  microform  from 

publisher 

7 

Library  and  Colleague 

(a) 

Colleague  obtains  library  subscription 

issue 

(b) 

Colleague  obtains  library  microform 

edition 

8 

Publisher  and 

(a) 

Colleague  or  office  subscribes  to  journa 

Colleague 

(b) 

Colleague  obtains  reprint  from 

publisher 

9 

Author  and  Colleague 

(.^) 

:olleague  obtains  reprint  from  author 

(b) 

Preprint  from  author 

X 

4  5  0 
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Potentially,  each  of  these  identification  techniques  might  be  com- 
bined with  each  of  the  direct  paths    previously  described,  to  result  in  108 
potential  direct  channels  to  the  user.     In  actuality,  some  of  these  channels 
might  be  immediately  rejected  as  infeasible,  since,  for  example,  identification 
methods  one  through  seven  may  occur  simultaneously  with  physical  access.  Note... 
that  108  refers  to  the  number  of  direct  channels  to  the  user;  information  flow 
to  the  colleague  may  also  be  described  in  the  same  manner.     This  results  in  a 
more  complicated  model,  however,  which  is  not  described  here. 

With  data  from  our  Author  Survey,  we  estimated:     (1)  which  channels 
are  actually  employed  by  users  in  obtaining  identification  and  access  to  the 
articles  which  they  ciie,  and  (2)   the  frequency  with  which  these  channels  are 
used.     Note  that  the  description  is  limited  to  channels  where  articles  are 
actually  used;   that  is,  in  which  the  final  node,   the  user,  is  reached.     Use  is 
restricted  to  citation  use.      Also,  data  is  combined  across  different  years 
with  the  assumption  made  that  major  shifts  from  channel  to  channel  are  not 
occurring. 

Table  8.9  gives  the  frequency  (in  percent)  for  those  channels  which 
were  identified  by  respondents  to  the  Author  Survey.     Rows  one  through  fourteen 
describe  the  methods  of  identification,  and  columns  one  through  fourteen  des- 
cribe methods  of  physical  access. 

In  Table  8.10  the  most  frequently  employed  individual  channels  are 
ranked.     These  channels  account  for  64  percent  of  article  accesses.     In  other 
words,  for  articles  which  authors  cite  of  which  they  are  no::  co-authors,  64  per- 
cent are  obtained  via  one  of  these  cieven  top-ranked  channels.     Forty  and  eight 
tenths  percent  of  these  identifipd  articles  are  obtained  through  a  library's 
own  copy  of  a  journal.     Also,   this  tab''.'  .  ^ain  emphasizes  the  importance  of 
individual  subscriptions   to  scientist     :  m'  identification  of  and  access  to 
articles  which  they  cite,  with  this  channel  as  the  second  most  frequently  used. 

It  is  clear  that  the  cliannols  have  vidcly  different  levels  of  cost 

associated  with  them.     Anotlier  way  of*  comparing  the  various  channels  is  mean 

channel  lengtii,  as  sliown  on  the  tight  side  of  Table  8.10.     Meon  channel  length 

was  calculated  hy  subt  rac  r  i  ng  y..ir  of  cited  arliclo   from  year  of  citing  article 

and  compii  t  i  np,  an  average  .     No  I   surp  risi  ngly  ,  channels  wh  icli  involve  the  library 
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Table  8, 3 
RELATIVE  FREQUENCY  OF 
IDENTIFICATION  AND  ACCESS 
CHANNELS 


1.  Discovered  reading  ovn  copy 

2.  Di53covered  reading  library  copy 

3.  Dlacovered  reading  coUcague^a 
or  office  copy 

4.  Received  preprint  from  author 

5.  Obtained  preprint  from  colleague 
5.  .Received  reprint  froin  author 

7.  Received  reprint  from  colleague 

B.  Referred  by  colleague 

9.  Referred  by  other  article,  book, 
report 

10,  '^c-"'  In  search  of  printed  hdexes 

11,  Cofliputcrlzed  literature  search 

12,  Current  awareness  or  SDl  list 

13,  Don't  reraenber 

lA,  Other  or  No  Reeponhe 

15,  Total  percent 


1  C  A 

15,0 

ID. 11 

L  0 

D.O 

rv 

1  n 

*J  ^ 
1).  J 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1.0 

0.1 

- 

- 

- 

u 

- 

5,1 

U 

- 

- 

- 

- 

0.1 

'0,1 

0.3 

l.Q 

L6 

V) 

0.'* 

0.1 

1.2 

4.0 

1.9 

7.7 

0,4 

0,5 

0.1 

2,1 

1.2 

0.2 

0.2 

0.7 

0,1 

15,2 

J. 2 

22.5 

1.2 

0,1) 

0,2 

1,7 

O./l 

0.9 

1.0 

O.'i 

0,1 

JO,  5 

0.2 

8.1 

0.5 

0.2 

1.1 

O.J 

0,6 

0.3 

0.9 

0.3 

9.2 

0.1 

0.6 

0,3 

1,3 

0.] 

0,2 

0.6 

0.1 

100,1 

20.1 

47.6 

2,0 

2.5 

0.6 

9,3 

5,8 

w 

2.? 

l.I 

1.1 

0,2 

SOimCE:  Htrket  Fact3>  Center  for  Quantitative  Sciences,  Author  Survey. 
Key:  -  ■  No  response  received  In  this  category 
,^  ■  Less  than  0.1  percent  of  total 
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Tab].e  8.10  MOST  FREQUENTLY  EMPLOYED  CHANNELS  FOR  IDENTIFICATION  AKI  ACCESS 


Rank  Frequency 


Identification 


Source  of  Access     Form  of  \ccesj 


1. 


2. 


3. 


20.0 


13.8 


7.5 


Referred  to  in  other 
article,  book  or  report 

Discovered  while  reading 
own  copy  of  journal  in 
whic!i  article  appeared 

Found  in  a  search  of 
printed  indexes  or  catalogs 
during  the  course  of  a 
lltii-rature  search 


Library 


Publisher 


Library 


Library  copy  of 
journal 

User's  ov.'n  copy 
of  the  journal 


Library  copy  of 
journal 


13.0 


4.5 


16.8 


4. 


:>. 


/. 


7.1  A-'LTfiyl  to  r.rticle  by  a 
L  i'  :oai;Li  or  co-worker 

6.2  Discovered  while  reading 
library  copy 

4.9         Received  a  preprint 
from  author 

4.5         Received  reprint  from 
coUcafjic  or  co-worksr 


Library 


Library 


Author 


Libriiry  copy  of 
iournal 

Library  copy  of 
journal 

Preprint 


Colleague  Reprint 


]2.6 


12.5 


4.1 


S.O 


64.0 


SOURCE;  Author  Survey,  Market  Facts,  Inc.,  Center  for  Quantitative  Sciences. 


have  the  longest  mean  channel  length,  while  those  involving  the  user's  own 
subscription  or  reprints  or  preprints  have  the  shortest. 


8.3  Median  A^e  of  Scholarly  Journal  Articles  Used 

In  the  Journal  Tracking  Survey  the  published  data  of  the  original 
article  and  a  cited  article  were  both  noted.     From  this  we  observed  the  age  of 
cited  articles  up  to  twenty  years.     The  data  were  also  broken  out  by  the  source 
used  to  obtain  the  article  including  individual  (i.e.,  user  or  colleague  sub- 
scription), library,  and  other  (i.e.,  reprints,  preprints  and  so  on).     The  data 
are  presented  in  Table  8.11  by  the  cumulative  proportion  of  article  citations 
by  age  of  cited  articles-     The  median  age  for  the  journal  citations  is  often 
referred  to  as  the  "half-life"  of  the  literature  since  one-half  of  the  citation 
uses  occur  before  and  one-half  after  that  time.     The  half-life  is  as  follows: 
for  all  articles,  about  10.5  years;  articles  obtained  through  individual  sub- 
scriptions, 3.7  years;  arL  cles  accessed  through  libraries,  about  11.8  years; 
and  articles  found  by  othe.   means  such  as  reprints,  about  7-2  years-  (Note 
that  these  median  values  are  slightly  lower  than  the  mean  path  length  values 
displayed  in  Table  8.10,  evidence  of  a  skewed  distribution).     The  results  are 
as  one  might  expect.     The  age  of  copies  obtained  through  one's  own  subscription 
(or  that  of  a  colleague)  is  about  one-half  of  the  age  of  copies  obtained  through 
libraries.     Obviously,  older  articles  are  less  likely  to  be  held  by  an  individual 
because  the  individual  is  too  young  to  have  subscribed  to  an  old  .issue  of  a 
journal,  or  because  files  are  just  not  maintained  for  long  periods  by  most 
individuals . 

By  comparison,  Houghton  (61)  refers  to  the  half-life  observed  for 
references  made  in  articles  published  in  leading  journals  in  several  fields 
during  the  years  1953  to  1954.     These  figures  are  displayed  in  Table  8.12 

8.4  Cost  Effectiveness  of  Journal  Channels 


We  have  attempted  to  gain  some  insight  into  the  cost-effectiveness  of 
the  journal  channels  mentioned  above.     As  slio^nn,  we  have  been  able  to  identify 
in  some  detail  the  activities  whicli  ure  performed  in  the  use  of  each  channel, 
as  well  as  the  corresponding  volume  of  each  activity.     Combining  this  with 
associated  costs,  we  have  derived  a  figure  of  cost  per  use  for  each  of  the  major 
channels.     This  figure  is  a  rcflecLion,  then,  of  the  total  costs  which  go  into 
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Table    r:.I  1 


ci:::''i.AT! vi:  i"^:r(^;iTTo;^  of  AitTrci.;:  cttatioms  ]\y  ac\: 

OF  AUTU:!. I-IcOM  ISF  and  ,i(}Ui;:IAL  TKAC^aNG  SUKVi-y 


Ai\c  ill 
Ye.'irs  

1 

i          ToL;,  1 

lot;:  1 

Jcjurn  "J  Tr:.c' 
.    Tnd  i  viciM-?] 

2 

;  i  lip   f.u  1  vr'_v 

,  "  ■  ""  rriVi-y.ry ' 

■              n  h  1 1  r.  1- 

1^          ^  ^  r,  I K!  r 

1 

0,11 

r\     t  T  / 
0  .  lAi 

!  0 

1 

.r/5 

0 

.  025 

U  ,  U  J  i 

2 

0.23 

0 .  ]  7  I 

0 

.30] 

.054 

U  .  J.  J.  o 

3 

0.  33 

0 .  ?  / 1 

0 

.425 

0 

.097 

u .  I  /  ,} 

4 

OJil 

0. 

0 

.521 

0 

.149 

U  . 

5 

0.48 

0.  SO'^ 

0 

.610 

0 

.202 

U .  3/4 

6 

0.53 

0.  3''-^2 

0 

.671 

0 

.247 

0 .  4oy 

7 

0,  60 

0.  370 

0 

.726 

0 

292 

0 .  4  0  z 

8 

0.65 

0.414 

0 

.771 

0 

.332 

0.  556 

9 

0.69 

0.  -V'>9 

0 

820 

0 

383 

r\  COT 

10 

0.72 

0.40'-* 

0 

846 

0 

431 

0.  610 

1] 

0.75 

0.  519 

0 

8S0 

0 

483 

0,  63o 

12 

0.78 

0.552 

0 

904 

0. 

523 

13 

0.80 

0.  58  3 

0. 

935 

0. 

562 

U .  boo 

14 

0.  63  6 

0. 

969 

0. 

591 

u .  /uy 

15 

0.  64  ^: 

0. 

969 

0. 

622 

U.  /4^ 

16 

0,669 

0. 

973 

0. 

649 

0.76S 

17 

0.6G'J 

0. 

976 

0. 

687 

0.790 

18 

0.709 

0. 

9  76 

0.  718 

0.804 

19 

0.73r) 

0. 

979 

0. 

760 

0.816 

20 

0.  /50 

0. 

979 

C. 

800 

O.S.'^O 

1 
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Tabln    8.12    Cl'l.KC  i :  i)  DAn'-^.Tir  VA]  rrs  OF  lilK  .UMJiiNAL 
LlTKiVvJUli:-:  INPJVJDUAL  DJ  SCI  iM. INKS 


(Yc>ars) 



Chemicnl  Kngiiu-H:rin^>  

Mechanical   Enrj'ucor in:j  

Metallurgical  Eng  Liiecriug  

Mathematics   

Physics   

ChemisLry   

Geology   

Physiology   

Botany   


4.8 
5.2 
3.9 

10.5 
A. 6 
8.1 

11.8 
7.2 

10.0 


SOURCK:     Houghton  ,   Eomarrl ,  ^cj^tjf  ic  ^-r  ij^di  ra        Tlwir  Historical 
Developnu'nL  ,  Clun-a_(:^L^eij  s_t:  'iS^_'>^JU}S^^Sy:j}jiIi}^l  >   1975  . 
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the  mcUtUonanro  of  a  particular  channel  and  the  related  volume  of  information 
use  which  occurs. 

Gross  estimates  of  figures  for  the  cost  per  use  are  as  follows: 


Individual  subscription  $6.80 

Individual  subscription  (via  collea>^ue)  $9.00 

Library  subscription  $6.50 

Reprint  $3.10 

Reprint  (via  colleague)  $5.00 


The  average  cost  overall  is  about  $5.95  per  use. 

The  difference  in  costs  are  remarkably  small  in  view  of  the  total 
cost  components  which  are  included  in  each  channel.     Individual  subscription 
costs  are,  of  course,  primarily  direct  and  limited,  whereas  much  more  sub- 
stantial figures  go  into  the  maintenance  of  a  library  journal  system.  This 
is  balanced,  in  the  cost  per  use  figures,  by  the  considerable  use  made  of 
libraries. 

The  estimates  above  are  based  on  cost  estimates  related  to  five 
channels  and  six  sub-functions  associated  with  these  functions.     These  esti- 
mates are  as  follows: 

Table  8.13      COST  ESTIMATES  OF  COMMUNICATION  BY  FIVE  CHANNELS  AND  SIX 

SUB-FUNCTIONS:  1974 


Channels 


EKLC 


Sub-Function 

Individual 
Subscription 

Colleague 
Subscription 

Library 
Subscription 

Reprints  to 
Individual 

Reprints  to 
Colleague 

Reproduction 
and 

Distribution 

$S.  ST) 

$5.56 

$2.48 

$0.92 

$0.92 

Acquisi tlon 

1.27 

1.27 

0.31 

0 

0.09 

Storage 

1.27 

1.27 

0.33 

0.09 

0.09 

Maintenance 

0 

0 

2.26 

0 

0 

Circulat  Lon 

0 

0 

0.32 

0 

0 

Accession 

0 

1.90 

0.76 

2.12 

A.  02 

Total 

$<•  .00 

$6.46 

$3.13 

$5.03 

SOURCFr:  Market 

Facts,   Inc. , 

Center  for  Quant:  ita  five  Sciences. 
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The  procedure  used  to  arrive  at  these  average  costs  as  described  in  Table 
8.13  are  described  bellow. 


From  previous  data,  it  has  been  shown  that  the  number  of  scholarly 
journal  articles  published  in  1974  was  estimated  to  be  150,572  (Table  3,41). 
We  assume  that  there  are  690  readings  per  article  (4)  and  that  24.8  percent 
(Table  8.9)  of  these  go  through  the  individual  subscription  channels  (includ- 
ing colleague  subscriptions).     Thus,  there  are  an  estimated  25.8  million  uses 
by  this  means.     The  total  cost  of  individual  subscriptions  includes  an  esti- 
mated 7,144,000  subscriptions  to  individuals  (Table  3.25)  at  a  price  of  $20.08 
(Table  3.26)  which  yields  about  $143.5  million  estimated  total  cost.  Thus, 
the  estimated  average  cost  to  individual  subscribers  of  reproduction  and  dis- 
tribution is  $5.56. 

The  cost  of  library  subscriptions  is  computed  in  a  similar  manner. 
Here,  about  4.57  million  total  library  subscriptions  for  scholarly  journals 
(Table  3.21)  are  estimated  at  $29.57  each  (Table  3.21)  for  a  total  cost  of 
about  $135  million.     About  52.4  percent  (Table  8.9)  of  690  readings  of  the 
150,572  estimated  articles  occur  in  libraries.     Thus,   total  usage  in  libraries 
is  estimated  to  be  54.4  million  and  average  cost  of  reproduction  and  distribu- 
tion is  $2.48.     Reproduction  and  distribution  cost  for  reprints  is  estimated 
from  the  cost  i.  jdel  to  be  $0.036/page  (Table  3.44).     Since  the  average  number 
of  pages  published  per  article  is  estimated  to  be  7.6,  the  total  cost  per  re- 
print is  $.274  plus  $.13  for  mailing  to  authors.     This  cost  is  divided  by  .51, 
since  that  is  the  proportion  estimated  to  be  sent  to  authors  and  not  requested 
(Tables  3.28,  3.29).    To  the  result  ($.79),  $.13  is  added  for  mailing  the  re- 
quest which  yields  a  total  cost  of  $.92  per  use  for  reprint  reproduction  and 
distribution. 

Acquisition,  storage  and  maintenance  costs  in  libraries  are  found 
by  dividing  $16.7  million  (Tabic  4.11),  $17.8  million  (Table  4.13)  and  $123 
million  (Table  4.12)  by   54.4  million  library  uses.     The  storage  costs  for 
individual  subscriptions  are  found  by  assuming  office  rental  at  12  journals 
per  square  foot  at  $5.50  or  $0.46  per  journal  title.     It  is  further  assumed 
that  the  average  life  of  a  journal  Is  ten  years   (slightly  less  than  the 
average  age  of  a  citation)  which  yields  an  a-verage  total  cost  of  about  $4.60 
per  journal.     This  number  is  multiplied . by  7.144  million  individual 
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subscriptions  and  divided  by  25.9  million  uses  to  yield  $1.27  per  use.  The 
estimated  cost  of  storing  reprints  incurred  by  users  is  l/77th  of  the  $1.27 
since  there  are  77  articles  per  journal.     Authors  incur  about  twice  this  cost 
since  they  order  two  reprints  for  each  one  requested.     The  average  between 
the  two  comes  to  about  $0.09  per  use.     The  average  circulation  cost  in 
libraries  is  $0.32  (153). 

Accession  costs  are  based  on  the  cost  of  photocopying.     The  photo- 
copying cost  for  individuals  is  $0.25  times  the  number  of  pages  per  article 
(7.6).     For  colleague's  subscriptions  we  assume  that  all  copies  are  photo- 
copies,  thus  the  average  cost  is  $.55.     Reprints  require  typing  and  mailing 
of  requests,  look-up  at  the  office  of  the  author  and  so  on  that  is  estimated 
to  take  about  one-half  hour  of  secretarial  time.     This  makes  the  cost  0.5  times 
$3.98  (Table  3.46)  plus  $.13  postage,  plus  $1.90  for  photocopy  if  the  copy 
comes  from  a  colleague's  reprint. 

Tt  should  be  emphasised  that  these  costs  reflect  current  patterns 
of  provision  and  use  of  journals  associated  only  with  the  citation  of  articles. 
Thus,  we  have  assumed  that  the  distribution  of  all  article  uses  is  similar 
to  that  of  U5:^es  for  citation.     Further,  in  the  total  system  each  individual 
channel  plays  an  important,  and  perhaps  a  unique,  role.     Any  changes,  for 
example,  elimination  of  or  even  decreased  volume  through  a  given  channel, 
would  affect  the  total  system.     Thus,   the  total  implications  of  any  modification 
must  be  considered  before  action  is  taken:  and  conclusions  drawn  from  the 
above  data  must  be  made  with  great  caution. 
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I . 1  Introduction 


The  Journal  Tracking  Survey  measured  such  characteristics  as  sub- 
scription price,  volume  of  pages,  printed  characters  per  page,  articles,  and 
issues  container^  in  a  sample  of  journals  in  nine  fields  of  science  over  the 
time  period  196.    -  1974.     The  author  survey  utilized  a  sample  of  articles 
drawn  from  jourt   is  selected  in  the  Journa!   Tracking  Survey.     Authors  of 
these  sampled  artlc^les  were  contacted  to  obtain  information  concerning  publi- 
cation costs,  source  of  references,  and  access  to  references.     Sampling  for 
both  surveys  was  closely  related,  and  is  described  in  a  single  section,  1.2. 
Then    '^e  two  sur      s  are  described  separately  in  1.3  and  1.4. 

1.2  Sampling 

Sampling  for  the  two  related  surveys  was  accomplished  in  several 
stages.     In  tihe       -st  stage  of  sampling,  journal  titles  In  each  of  nine  fields 
of  science  for  the  years  1972  and  1974  were  selected.     A  second  stage  of 
sampling  consisted  of  selecting  three  issues  from  all  issues  published  by  the 
selected  journals  during  the  year  of  interest.     Subsequently  three  articles 
were  chosen  from  each  selected  issue.     From  articles  chosen  a  reference  cita- 
tion was  selected  from  among  all  citations  used  by  the  author, 

1,2.1        Selection  of  Sample  'jurnali^. 

In  the  primary  stage  of  sampling,  journal  titles  representative  of 
each  of  nine  fields  of  science  were  selected  for  each  of   u:  e  years  196:^  and 
1974.     The  nine  fields  of  sd-nc-,  as    ^^^lncJ  by  the  :;ational  Science  Foundation, 
were: 

I.       Physical  Sciences   (Astronomy,  Chemistry,  Physics,  Other 
Physical  Sciences) 

II,  Mathematics 

IIT.       Computer  Science  and  Engin --^ering 

IV.  Environmental  Sciences  (Atmospi^jric  ScIoikos,  C^olr  ;ical 
Sciences,  Biological  Oceanography,  Physical  and  ClieTnlcal 
Oceanography,  Ecology,  Other  Enviror/  ental  Sciences) 

V.       Engineering   (Aeronau '    ca 1 ,  Astronaunical,  Chemical,  Civil, 
Electrical,  Mcchani-al,  Metallurgy  and  Materials,  Other 
Engineering) 

VI.       Life  Sciences   (BiologLcil ,  Clinical  Medical,  Otlier  Medical, 
Other  Life  Sciences) 
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AftiT  s;:fii()  1  i  nr ,   v.irli  jcviru/^J    L  i  1. 1 '.^  w.t.-i  .is.s  i  ;;iic^)   to  owe  of   Ll. rlfvcjc 
?.;*r<=l:u   h.iN.'M         .Mir  c.!;i;c'i.  v.-il  jn-.i  of   ];:;  "Iwjhnvlnr"  !;..'lwc.-n   1002  ainl  197^1.  Ob- 
«iervr..l  rlr.r.)'.-:  <-r  i  .sl  t  c:s  v/c:rj!   Ll.cii  wL^hfcd  accnnl.ur;  to  Liu*  ;ic(.ual  nmnlior  of 
joiJ'"i!.I''    kM*.<..ii  lo  u::i:.L   i.ii  a  p.■^t*  L  L<*  ii  J  a ::  sLraLuM,   ffrJcl,  aj^c!  year. 

Tv;o  i.aiiipLM\;  fra.r.L::  wort;  iK:cos£:ary,  one  rL:i>>rc'.f,onLi.ni];  the  pI.uc  fields 
of  «cL(  nao  in  ]>;or!,    Ll:c  <a:hcr   roiM;.jSL-M  ir.g  Liu-  nine  fLflds  of  sci'nct^  in  1974. 
The  ac  Iijpcu  CiV.-t.ioa  Tmlr^x  ]V6:^  /ainu/:  !   Soarce  Jonrnnl  :o ,   puMlrdiecl  by  the  InsLi- 
lute  for  Sc  j  .::it.  i  r  I  r.  Taif  or:'!a  L  i  cm  ,  v.-ah.  aned  as  a  basis  for  saiiipl:i  a^j  1962  journals. 
MoM~U.S.  jc»u:*iia  Jr.  an;!  kna\ai  LraaislaLion  journals  wcirc^  oMcluded  fron  Llri  s  list 
prior  to  saivii^li)^;^, ;   53  U.S.  journals  rtiTiiaineu  following  these  e>:clusions.  Bo- 
causc  equal   sampl  e  si^e.s  were  deslrea  ,   rci.^rlning  journal  titles  V7ere  grouped 
into  the  nine  a^^F  fields  of  science  prior  to  sampling.     This  subject  clnssifi- 
cation  va  s  based  on  the  1962  subject  ca t  ev^orira Lion  used  by  Sei.enee  Citatioi-J 
Index,  and  reaalted  in  some  overlap  among  the  NSF  fields. 

This  over!  apjvjaig  was  noL  removed  prior  to  saTiplxng.     Due  Lo  the  viulti- 
discip'.J '*pnry  n.,iLULe  of  many  scienLific  and  enginecriaig  journals,  it  v/as  felt 
that  a  poLent  Lnl  oecurrenco  in  raore  Llian  one  field  was  jusLified,  although  this 
meant'  tbeU  each  sai-iple  would  not  bo  Liuly  s Latistically  independent.  (Even 
thour^h  poLenLially  over lapp in;^  saii^plcs  may  give  a  truer  image  of  Lhe  nuilLi- 
discipli nary  naLure  or  journal  publi  shir.^;,   they  result  in  some  eri'or  when  survey 
find.LP;;;3  are  v-<..-ig]ited  up  to  estiniate  valU'^s  for  all  U.   S.  journals.  Statistical 
techniques  aic  available  for  correcting  triis  error,  but  they  were  not  used  duo 
tp  the    small  aMiounL  of  overl^jp  which  actually  occurred  in  sampling. 


V.'e  aru  giMtc-ful   to  InstituLe  personael  for  supplying  us  v:iLh  infonuaL  ion  on 
tlie  covcra;-M'  of  Llio  annual   source  lisLs. 

''Nin<-^  Jrnf !}.-.']    lit:ler:  oat:  cf  tlie  198  finally  selecLod  occnrred  in  more  Lhan 
or«o  rfolil:     IKri:  Transaction';  on  Auct'o  and  Electro?:COusLics   (1  and  5); 
Joiu.i.;'.  of  Lht?  /-..-..lociat  Lon  of  Gfficiai  Anal.yLical  Cheriists  O   ^^iid  6);  SJ  iCA 
Jourr-.n   o.)  c:on;.rol    (/'  j)u]  3);   JL'}!K  Transacrions  on  InforMation  T'a.eory  (2  and 
9);  j(>\:t,\:\\  v^r  Lh^-  Ai.ier  i  cm  Soci-i.    foi    In  To  nn-i  (  i  on  SricMce.  (3  and  7); 
Ttu::..  -.o  Lrir.:    (/:  0);   llcol  o;;:  f;  .  •    '  :opo:^raph^;        and  G)  ;   Bell   SysLc.u  'J  •.•chn  leal 

IrMu'a-n    (5  an^'  9);   TKM-:  Tr:nira  c  I  • -oa  s  on  Fducatioa.   (h,  S,  and  9). 
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A  separate  list  was  used  as  a  basis  for  sar/     ng  197A  journals.  This 
list  was  developed  by  Bernard  M.  Fry  and  associates  at  Indiana  University  for 
the  NSF-sponsored  **Study  of  the  Economics  and  Interaction  Between  Publishers 
and  Libraries  in  the  Production,  Acquisition,  and  Lending  of  Journals".  The 
methodology  for  developing  this  list  is  described  in  Appendix  IV.     Three  ex- 
clusions were  made  from  this  list,  prior  ^o  sampling:     (1)  Journals  not  in- 
cluded in  the  nine  NSF  fields  of  science  (e.g.,  Humanities,  Fine  Arts,  etc.); 
(2)  Journals  known  to  be  translation  journals;   (3)  Known  foreign  publications. 
One  thousand  nine  hundrec  and  fortv-five  iournals  remained  as  a  basis  for  1974 

sampling. 

Initially,  a  sample  of  twenty  journal  titles  was  desired  for  each  field 
for  a  minimum  sample  size  of  180.     In  actuality,  each  field  was  over-sampled 
to  insure  that  1962-1974  issues  for  at  least  twenty  journals  would  be  located  in 
Washington,  D.  C.   area  libraries.     In  addition,  within  each  field  more  titles 
were  selected  from  the  1974  list  than  from  the  1962  list  (approximate  ratio: 
13  to  7)   to  reflect  the  growth  in  the  number  of  journals  between  1962  and  1974. 

Titles  were  sampled  systematically  from  alphabetically  arranged  1962  and 
1974  lists.     A  sampling  interv/al  for  each  field  and  list  was  calculated  by 
dividing  the  sample  universe  size  by  the  desired  sample  size,  and  a  random  number 
table  was  used  to  generate  a  random  start.     During  the  course  of  the  study,  two 
journals   (both  in  Field  8,  Social  Sciences)  were  replaced  with  journals  randomly 
selected  from  the  1974  list  when  it  was  found  that  neither  could  be  located  in 
Washington,  D.   C.  area  libraries.     The  final  sample  titles  for  each  field  are 
listed  in  Appendix  II.     Appendix  III  shows  journal  distribution  among  publishers. 

1.2.2        S£lj?_ct;^i-On  of  Sample  Issues 

The  second  stage  of  sampling  involved  the  selection  of  issues  within 
a  particular  publishing  year  for  a  given  journal  in  a  given  field.     Again,  a 
fixed  sample  size  was  used.     Field  workers,  after  counting  the  number  of  issues 
published  per  year  by  the  journal  under  observation,     used  a  random  number  table 
to  select   three  is\sues  for  further  observation.     Workers  were  instructed  to 
cycle  through  the  random  number  table  in  order  not  to  choose  the  same  journal 
issues  for  each  journal  year. 

"Published  per  year"  was  defined  ns  reRulnrl  y  pnblii?hed  per  year.  Occasional 
extra  or  mfmorlal  issues  were  no*:  counted. 
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1.2.3        Selection  of  Sample "Articles 


Within  each  issue  an  article  was  selected  for  observation.     Again  a 
random  number  table  was  used  to  select  one  article.     Workers  were  required  to 
select  only  from  "research"  articles,  omitting  letters  to  the  editor,  book  re- 
views, abstracts,  biographical  articles,  brief  notices  of  research  in  progress, 
conference  announcements,  and  the  like, 

1.2.4        Selection  of  Sample  Cited  Articles 

A  required  input  for  the  Author  Survey  was  a  sample  of  articl*^  authors 
coupled  with  one  randomly  selected  article  which  they  had  cited.  Therefore, 
for  each  article  sampled  in  the  Journal  Tracking  Survey  (the  "citing  article") 
a  randomly  chosen  journal  article  from  the  article's  bibliography  was  chosen 
(the  "cited  article").     Due  to  the  particular  requirements  of  f.he  Author  Survey 
(the  generation  of  data  relating  to  the  identification  of  and  access  to  cited 
aiTfcles)  the  following  criteria  were  developed  for  input  to  the  Author  Survey, 
mr^ilii^.g  list: 

1.  The  citing  article  must  provide  a  sufficient  U.  S. 
address  for  the  first  author; 

2.  The  citing  article  must  be  published  no  earlier  than  1968; 

3.  None  of  the  authors  of  the  cited  article  must  match  any  of 
the  authors  of  the  citing  article. 

During  the  course  of  the  Journal  Tracking  Survey,  it  soon  became 
apparent  that  its  randomly  selected  articles  would  not  generate  sufficient 
numbers  of  articles  to  satisfy  the  above  criteria.     In  order  to  develop  the 
desired  list  of  2,000  U.   S.  authors  for  the  Author  Survey ,^  an  additional  data 
collection  effort  was  mounted,  and  nearly  2,000  extra  author  addresses  and  cita 
tions  were  collected  from  journals  known  to  provide  sufficient  address  data 
during  the  time  period  under  consideration,  1968-1975.     The  non-random  nature 
of  the  mailing  list  should  be  taken  into  account  when  reviewing  the  results  of 
this  study.     In  all,  2,123  author  survey  questionnaires  were  mailed  out,  and 
943  were  returned  in  time  for  tabulation  by  hand  and  by  computer.     If  the  64 
received  after  the  cut-off  date  are  included,  a  (surprisingly  high)  response 
rate  of  48  percent  was  obtained. 
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^  •  3  Jou r nn  1  T racking  SjLi^rvey 

^ • 3 • 1        Int roduc tion 

The  rationale  behind  performing  the  tracking  survey  was  that  the  exami- 
nation of  a  specific  set  of  journals  over  the  time  period  1962-1974  would  generate 
a  longitudinal  set  of  data  large  enough  to  provide  a  basis  for  estimating  trends 
associated  witli  this  most  basic  commodity  of  scientific  cofnraunicat^on.     Much  of 
the  data  dealing  with  the  graphic  characteristics  of  journals  would  form  a  basis 
for  estimating  journal  production  costs.     These  costs  would  then  be  compared  with 
subscription  price,  circulation,  and  other  factors  for  an  economic  analysis.  The 
volume  of  pages,  articles,  issues,  and  printed  characters  contained  in  these 
journals  provided  a  basis  for  comparing  information  generation  over  time  and  a- 
mong  the  various  fields  of  science.     Examination  of  changes  in  subscription  prices 
would  provide  a  basis  for    U-teiaiining  past  and  future  trends  in  the  effects  of 
inflation.     U^en  combined  v         the  volume  of  data  available  from  other  sources, 
a  significant  body  of  data  hn  ;  ^een  provided  for  understanding  the  role  of  the 
journal  in  scientific  communication. 

1.3.2        Design  of  Tracking,  Survey  Form 

The  tracking  survey  form  was  a  compromise  among  several  data  collection 
objectives : 

1.  It  needed  to  serve  as  an  input  to  other  efforts 
(specifically,  cost  model  calculations,  the  Author 
Survey,  and  the  general  indicators  study) 

2.  It  covered  several  levels  of  data  (specifically,  journal 
issue,  and  article  characteristics) 

3.  It  had  to  be  simple  to  facilitate  training  inexperienced 
field  workers  for  field  sampling  and  tedious  measurement 
work. 

4.  It  needed  to  generate  input  data  which  would  require  a 
minimum  of  computer  manipulation  to  generate  useable 
data  in  a  format  appropriate  for  further  analysis. 
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A  two--pa,  '  form  was  originally  designed  to  time  workers  as  an  aid  to 
estimating  how  much  time  would  bo  needed  fur  data  collection  in  the  field. 
This  form  was  then  revised  to  further  reflect  data  requirements  of  the  Author 
Survey  and  the  cost  model  calculations.     The  final  revised  tracking  survey  form 
is  shown  in  Appendix  V  reduced  from  the  original  8-1/2'*  x  14*'  eight-page  booklet. 
The  form  consists  of  seven  parts.     At  the  top  of  the  page,  staff  member  name, 
date  form  wa^s  completed,  source  library,  and  library  call  number  were  recorded 
by  the  field  workers.     A  unique  form  number  was  stamped  on  each  tracking  survey 
fomi,  prior  to  use.     This  was  used  as  a  record  tag  during  keypunching  and  com- 
puter analysis.     Along  the  left  side  of  the  form  is  a  ruler  for  measuring  page 
size. 


Part  I,  Journal  Tdentif ication ,  consists  of  identification  data  which 
was  carried  through  data  collection  and  analysis.  Three  items  in  this  section 
were  used  both  for  identification  and  sorting  purposes:  journal  code  (field  of 
science  and  journal  number)  and  year  of  journal  being  examined. 

Part  II,  Subscription  Information,  identifies  publisher,   type  of  pub- 
lisher, and  distinguishes  between  subscription  prices  and  membership  prices. 
Because  of  wide  variations  in  the  way  journals  record  price  data,  question  /^17, 
Subscription  Prices,  distinguishes  among  six  separate  categories. 

Part  III,  Journal  Description,  covers  basic  descriptive  data  assumed 
to  be  constant  over  all  issues  published  during  a  year,  such  as  columns  per 
pa^^e,   lines  per  page,  and  characters  per  line.     In  addition,  the  number  of 
articles  per  issue  and  pages  of  "notes'*  per  issue  were  collected.     The  fciirer 
number  was  used  as  a  basis  for  our  estimate  of  the  number  of  articles  published 
per  year  by  the  particular  journal  under  consideration.     The  latter  ''pages  .of 
notes  per  issue"  was  designated  to  take  into  consideration  such  other  inforna- 
tion  sources  as  brief  communications,  reports  of  work  in  progress,  corrections, 
and  other  "current  awareness"  sources.     Questions  29c  and  29d  were  included  to 
take  into  account   the  possible  effect   that  use  of  bound  library  volumes  would 
have  on  our  estimate  of  advertising  pages,  since  some  binding  processes  remove 
covers  and  in ternal  advertising. 

Part  IV,  Article  and  Issue  Information  is  identical  to  Parts  V  and  VI. 
These  pages  cover  data  dral^m  from  the  sample  of  three  articles  and  three  issues 
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which  were  sampled  for  each  year  a  journal  was  observed  between  1962  and  1974. 
Question  1-35  asks;  i:r  the  nimc  of  tlie  first  author  listed.     This  was  to  be  the 
author  contacted  fc  •  the  author  survey.     Question  /'39  is  the  author's  current 
address  as  recorded  In  tlie  journal,  also  for  use  in  the  author  survey.  Ques- 
tions //40  -  43  dealt  with  grant  and  contract  information,  if  this  was  supplied 
with  the  article.     Question  v44,  "Date  Article  Received  by  Journal*'  was  recorded 
when  reported  by  the  article.     This  was  used  in  calculating  publishing  lags. 
Questions  %'46c  covered  number  and  pages  of  graphics  in  the  sampled  articles  and 
in  the  i;      article,  non-advertising  portions  of  the  sampled  issue.  Questions 
T.'50  and  /-SI  refer  to  the  reference/bibliography  portion  of  the  article;  //51 
is  the  journal  article  which  was  chosen  as  the  ''cited  article"  used  in  the  author 


To  aid  in  data  collection  and  training  of  field  workers,  an  instruction 


manual  was  prepared  to  accompany  the  tracking  survey  form.  This  manual  included 
the  following: 


Journal  Identification.     Gene  ral  ins  true  t ions ;  explanation  of 
coding  scheme  for  journal  identification;  single-digit  month 
code;  definition  and  description  of  volume  and  issue  numbers. 

Subscription  Information.     Difference  between  a  publishing 
organization  and  a  sponsoring  organization;  definition  of 
publisher  code.-,,  with  examples  of  each;  abbreviations  of 
organizational  names;  description  and  examples  of  membership 
and  subscription  prices;  distinctions  among  various  categories 
of  prices   (individual,   institutional,   foreign) ;  definitions 
of  single  copy  prices  and  reprint  prices. 

Journal  JDescription.     Definition  of  full  page  of  text;  method 
of  counting  columns  per  page,  lines  per  page,  characters  per 
line,  l-^'nes  per  inch;  random  number  table  and  instructions  for 
sampling  three  issues  for  the  year  under  consideration;  defini- 
tions of  articles  and  notes  for  counting  purposes;  description 
of  page  si7.e  categories,  paper  types,  journal  formats,  and 
journal  types. 


survey. 


1.3.3 


Tracking  Survey  Instructions  and  Training 
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Article  Injormat Ion,     General  instructions  and  article  sampling 
instructions;  definitions  and  examples  of  codes  for  authors^ 
institutional  affiliations,  with  special  discussion  of  hospitals; 
definition  of  a  "funding  source'*;  counting  rules  for  funding 
sources;   funding  source  codes;  description  and  example  of  con- 
tract and  grant  numbers;  detailed  coding  categories  for  federal 
agencies;  rules  for  counting  pages;  definitions  and/or  actual 
examples  of  graphis,  i.e.,  line  drawings,  graphs,  tables,  black 
and  white  half-tones  and  continuous  tones,  color  photographs, 
math  or  chemical  formulas;  counting  rules  for  reference/bibliography 
section,  with  examples  of  citations  of  journal  articles  and 
technical  reports;  definition  of  advertisements;  sampling  instruc- 
tions for  cited  journal  article  selection. 

Each  field  worker  received  an  instruction  booklet,  and  spent  two  to 
three  days  being  "walked  through"  the  instructions,  using  sample  issues  of 
journals  from  our  office  collection.     During  the  early  stages  of  data  collection, 
numerous  ambiguities  and  omissions  were  discovered  in  the  instructions,  and 
these  were  revised.     After  in-office  training,  workers  visited  assigned  libraries, 
and  were  required  to  phone  in  progress  reports  every  working  day,  during  which 
time  completed  form  numbers  were  recorded  and  questions  answered.     Workers  were 
required  to  come  into  the  off'-e  once  per  week  to  drop  off  completed  forms  and 
receive  new  assignments. 

I . 3 . A        Data  Collection 

Because  numerous  subject  fields  were  included  in  our  journal  samples, 
several  different  libraries  were  used  as  source  libraries.     These  libraries  were 
identified  via  local  and  national  union  catalogs.     Toward  the  end  of  the  survey, 
when  some  hard-to-find  journal  titles  had  not  been  located,  and  when  some  not-on- 
shelf  journal  volumes  had  still  not  been  returned  to  the  shelf,  Washington  area 
companies  and  special  libraries  were  contacted  by  telephone,  and  most  missing 
issues  were  located.     The  bulk  of  data  collection  was  performed  at  three  libraries: 
University  of  Maryland  (McKeldin  Library  and  Engineering  Library)  and  Library 
of  Congress.     Journals  were  also  located  in  the  following  libraries  and  offices: 
National  Library  of  Medicine,  Bothesda,  Maryland;  American  University, 
Washington,  D.  C;  Computer  Science  Center,  Chemistry  Library,  College  of  Library 
and  Information  Services,  and  Undergraduate  Library,  University  of  Maryland; 
Montgomery  County  Public  Library,  DaV ^  Branch,  Bethesda,  Maryland;  U.  S.  Energy 
Research  and  Development  Administration,  Washington,  D.  C;  Catholic  University 
Library  ^^chooi,  Washington,  D.   C;  U.   S.  National  National  Agricultural  T^ibrary, 
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Beltsvilhs  Maryland;  Joliny  Hopkins  University,   Baltimore,  Maryland;  U.  S. 
National  Bureau  of  Standards,  Center  of  Computer  Sciences  and  Technology, 
Gal thersburg ,  Maryland;  Mitre  Corporation,  Washington,  D.  C. ;  General  Electric, 
Washington,  D.   C.  ;  Allison  6<  Meyer,  Professional  Engineers,  Rockville,  Maryland; 
American  Psychological  Assot"  iation ,  Washington,  D.  C. 

Several  problems  surfaced  repeatedly  during  data  collection.     It  proved 
quite  difficult  to  estimate  completion  rates  for  the  tracking  forms,  since 
journals  varied  widely  in  length  and  complexity  of  graphic  characteristics. 
Average  liours  performed  varied  widely  from  form  to  form,  and  also  increased 
steadily  as  easy~to  locate  journals  were  completed  first.     Another  unexpected 
delay  in  data  collection  was  waiting  time  at  closed-stack  libraries. 

When  journals  in  the  Physical  Sciences  field  were  completed  and  key- 
punched, a  test  run  of  a  simple  listing  program  was  made,  and  numerous  incon- 
sistencies were  discovered  in  the  counting  of  pages  of  notes.     Despite  an  attempt 
to  clearly  define  **notes*",  wide  variation  in  field  workers'  interpretation  of 
this  definition  was  found,  and  tliis  counting  was  discontini^ed.     Another  difficulty 
which  was  brought  to  our  attention  during  daily  telephoned  progress  reports  was 
in  the  counting  of  various  grapliics  which  vere  border-line  to  the  examples 
illustrated  in  the  instruction  booklet.     Coding  decisions  for  these  problems 
were  made  on  ar  ad  hoc  basis.     We  originally  expected  that  data  collection  would 
be  completed  during  tlie  summer  of  1975.     Because  of  these  delays,  back-to~school 
season  brought  a  large  turnover  in  our  original  group  of  student  and  student- 
aged  workers,  and  re-hiring  and  training,  coupled  with  the  doove  delays,  extended 
tracking  survey  data  collection  through  the  beginning  of  November,  1975.     A  total 
of  approximately  1,240  tracking  forms  were  completed. 

1.3.5        Data  Processing  for  Tracking  Curvey 

\-Thcn  the  tracking  survey  ^orm  was  designed  and  pretested,  it  had  been 
hoped  tliat  it  could  be  used  as  a  direct  form  for  keypunching  without  recourse 
to  an  intermediate  coding  form.     Card  and  column  numbers  for  keypunching  wore 
originally  included,  but  were  removed  just  prior  to  printing  of  the  form  when 
it  was  discovered  that  a  major  change   in  computer  record  characteristics  might 
be  nr^ccFsary,  due  to  the  inclusion  of  certain  alphabetic  fields.      (Tliese  fields, 
such  as  author  address  and  publisher,  were  subsequently  typed  by  hand).  Key- 
punching was  still  done  wi  tliout  an   interr.ed  iate  coding  form. 
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Isecause  no  intcrm<-^d f aLo  codliig  form  was  used  as  an  input  to  keypunching, 
each  tracking  survey  form  was  edited  prior  to  keypunching.     We  edited  each  form 
when  it  was  discovered  in  a  trial  data  listing  that  keypunching  of  some  decimal 
fields  had  beoM  inconsistent,  due  to  inconsistencies  in  reporting.     This  was 
remedied  by  the  ccmpleto  editing  of  forms  and  by  explicit  instructions  to  field 
workers  to  observe  reporting  requiron^cnts  for  decimal  fields. 

Data  processing  was  accomplished  in  two  phases:     an  initial  listing 
of  nearly-raw  data  in  five  separate  printouts,  and  a  final  computation  in  which 
average  characteristics  were  computed.     (Average  journal  characteristics  were 
also'  calculated  by  hand,  using  the  same  computational  formulas). 

The  initial  listing  was  in  five  parts: 

Part  1:  Number  of  authors  per  article,  author 

affiliations,  publishing  lags 

Part  2:  Article  characteristics  (number  and  pages 

of  graphics,  article  length,  articles  per 
issue) 

Part  3:  Prices  (individual,  institutional,  and 

foreign 

Part  4:  Issue  characteristics   (graphics,  advertising 

pages) 

Part  5:  Funding  source  codes,  grant  and  contract 

numbers,  and  number  of  items  in  author's 
bibliography 

Because  of  the  larg*^  amount  of  data  to  be  included  in  these  printouts, 
we  decided  to  print  only  the  average  of  article  and  issue  characteristics  which 
were  observed  three  times  in  a  given  journal  in  a  single  year.     All  data  was 
sorted  by  field  of  science,  and  within  field  of  science,  by  journal  and  year 
P'Ablished.     Development  of  these  printouts  simplified  later  programming  of 
average  characteristic  computations,   since  they  required  a  considerable  a-  at 
of  work  in  field  specification  due  to  the  great  lengfih  of  the  individual  L.cords. 
The  five  individual   printouts  also  proved  invaluable  in  error  checking  and  as 
a  source  for  hand  computation  of  characteristics  when  machine  calculations  would 
have  been  too  time  consumin,:  or  expensive  to  program  or  debug  completely. 
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AvcTi^i'o  cli:ir:.cl  or:;  per  pny,c   (ron.uiJa  tbr.-'i.O  ,  oucc  it  wns  calcuJat (k1  , 
i:-crvi.;d  as  n  bn.sl.s  for  cc  1  col at.inf,  alinracLr)-f;  por  article  (l»y  inii]  t:l;>1  ylu:.^  it  by 
Da::cv^  P'/r  oniric)  and  i-!iaract  czrs  per  jou!  nrJ.  per  yc.ir   (oy  niultipTyiiV";  fd.'-^'^-vac- 
tci.\s  per  arluilo  by  articles  i)cr  i.sr.uo  ::ri::   Lf-;riuo^j  per  year).     Tn  son.c  rjiialys'js^^ 
it  \^as  lhou|:bt  that  cbaractern  as  a  v>\\ll  of  inonsurciiient  vjonld  be  r.vore  indicci- 
tive  of  "infonvntion  content"  or  ^'Juformat: '*.o:i  procl'icti vity"  than  a  siiviile 
r.^Basurr?ric]tt  of  pages  ond  arcicles.     Tlris  is  noct      irily  a  siTiiplifying  asyun.ption, 
because  of  differences  in  teclmical  vGcahil^iri  cs ,  '-.-ord  len^^^lh,  and  so  oa.  It 
al.so  doe?-i  not  take  into  account  other  journal   source^:  of  Information  nvch  ci:. 
book  reviews,   letter.s  to  the  editor,  brief  cor.iinunira tions ,  and  advertisements, 
V7hich  al.'.^o  eonmuriicate  infoi;^arion  and  co::,^U!!-:c  time  and  money  in  physical  pre-- 
paration  and  printing.     S-:rictly  spe^-^l-.i.ng ,  these  should  also  be  included  in 
estimates  of  total  pages  published  and  total  characters,  but  the  practical  ptob- 
lem.s  of  accurate  countins  and  weiabting  considerable. 

1.3.7        Es_tjjiuit  1  on_oJM;{c^ 

Because  equal  sample  sizes  \-'ere  sov.:;ht  for  each  field  of  science,  simple 
averages  of  joiirnal,  article,  and  issue  characteristics  trere  insufficient  for 
analysis:  if  cor.parisons  of,  say,   the  number  "of  articles  per  issue  were  to  be  made 
across  fields.     Since  the  nuLi:her  of  journGls   (or  riVticles)  published  in  eacli 
field  of  science  differed  (an  initial  assuv^r^Lion  borne  out  by  fact),  wei-hted 
averaces  were  calculated  for  use  in  cur  final  analyses.     If  each  of  the  nine 
fields  of  science  is  considered  to  be  a  sor.pling  stratum,  then  the  probability 
that  a  particular  journal  would  be  s^-ipled  v:as  different  from  stratum  to  stratum. 
Also,  v;ithin  the  journal  population  of  each  field  of  science  there  are  potentially 
several  separate  groups  of  journals.     So-^.e  jcurnals  are  torn,  die,  merge  v/ith 
other  joi;rn.=^ls,  change  nar.es,  split"  into  ti.o  or  tlirec  separate  parts,  shift  to- 
publisbLn^  on  niicroforins,  increase  or  decreare  their  frequency  of  publicnf  lon, 
and  5:0  on.     V/e  v/anted  Lhe  major  cati'5:orics  of  these  examples  of  journ  ''bel.^vior" 
to  be  reflected  in  tlie  final  veigiitin;;  scriei.ic,  so  three  main  strata  i-K-r  doped 
to  reflect-  the  numbers  of  journals  in  ea<:h  field  \.'!]icb  c%'isted  in  19G2  and  1974 
(stratb.i  1),   tiio.ic  which  e>:ir:::ed  in  1962  but  not  (stratum  2),  and  those 

vhich  cy/is^lr.d  in  1974  but  not  19G2  (stratun  3).     (Since  a  journal  may  be  started 
at  any  routh  dnrin;;  the  year,   straluii  3  journals  r.-vy  liave  begun  sor.e  tiiz-e  during 
1962,   so  a  1962  stratum  3  v;eighting  value  u'ar.  cal  rn  ^ .-)  i:cu)  .     A  jour:i:-:l  wbldi  cliangod 
its  n;:-t^,  p.}!;l  Ishcr,  or  nriniborini;  r,en;.-nu-  ::as  not   af  reeled  by  thcr:o  above 
de  f  I  n  t  !  i  ua>: ,  000 
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A  set  of  weighting  factors  was  developed  to  reflect  the  proportional 
sizes  of  these  various  groups.     Tliese  weighting  factors  are  shown  in  Table  I.l. 
Strictly  speaking,  the  weighting  factors  were  the  ratio  of  the  table  values  and 
the  number  of  observations  made  in  a  given  field,  year,  and  stratum,  or 
Mj^/m^,  where  M^^  equals  the  table  value  and        equals  the  sample  size.     In  actual 

calculations,        was  considered  to  be  the  number  of  observations  obtained,  and 
assumed  to  be  equal  to  the  sample  size  in  that  field  for  that  year  and  stratum. 
In  order  to  '..aintain  the  characteristics  of  a  probability  sample,  it  is  im- 
portant that  the  sample  size  and  the  number  of  observations  are  equal  or  as 
nearly  equal  as  possible.     I^ile  95%  of  the  planned  data  collection  was  com- 
pleted (a  100%  ''response  rate'*  was  impossible  due  to  continued  problems  in  lo- 
cating a  few  isolated  journal  volumes),  some  variation  did  occur  in  the  number 
of  observations  of  given  data  items. 


For  example,  a  key  data  item  in  the  analysis  of  trends  in  journal 
publication  is  subscription  price.     The  existence  of  different  types  of  sub- 
scriptions prices  complicates  data  collection.     Therefore,  accommodation  must  be 
made  for  individual,  institutional,  and  foreign  subscription  prices,  and  for 
society  publisht-d  journals,  member  and  non-member  subscription  prices.     Not  all 
journals   (when  examined  in  the  library)  provide  this  information  for  every 
caty^gory.     Also,  some  journals  change  their  price  reporting  policy  from  year  to 
year.     For  example,  many  sampled  journals  did  not  begin  printing  different  (and 
usually  higher)  institutional  subscription  prices  until  the  middle  or  late  1960^s, 
and  for  some  -journals  institutional  prices  were  not  reported  at  all.     Instead  of 
treating  these  as  "missing  values",  we  assumed  that  individual  and  institutional 
prices  were  identical  for  those  years,  and  substituted  the  former.  Therefore, 
for  a  sample  of  20  journals  from  stratum  3  and  a  given  field  of  science  observed 
in  1968,   there  was  no  guarantee  that  all  20  would  provide  an  actual  institu- 
tional subscription  price.     Only  a  few  other  data  elements,  such  as  ublishing 
lags,  exhibited  the  above  ch^^racterist  Lcs  so  these  values  were  calculated  by 
hand  instead  of  by  computer. 

To  develop  weights  for  stratum  3,  journal  growth  rates  for  individual 
fields  of  science  were  estimated  by  observing  the  numbf-r  and  year  of  journal 
starts  betv;een  1962  and  in  our  sampled  journals  which  were  chosen  from  the 
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Indiana  University  list.  This  was  done  prior  to  actual  data  collection  when 
journal  locations  were  identified;  at  this  time  the  ''start"  year  for  sampled 
journals  was  also  recorded. 

To  estimate  the  rate  at  which  journals  are  discontinued  by  publishers 
(journal  "deaths'")  it  was  necessary  to  sample  a  different  set  of  1962  journals 
and  track  theiu  forward.     Our  original  sample,  as  noted  previously,  was  composed 
of  journals  selected  from  the  1962  ISI  list  and  the  Indiana  University  list  for 
1973/74  journal  titles.     The  latter  list  necessarily  reflected  still  existing 
journals.     We  suspected  that  the  ISI  list  underestimated  journal  deaths  because 
of  the  way  this  list  was  generated  in  1962.     To  get  a  better  estimate  of  journal 
"deaths",  a  more  comprehensive  1962  journal  list  was  used,  the  1962  Ulrich's  (1^2) 
First,  journals  which  did  not  fall  into  the  nine  NSF  fields  of  science  were 
excluded.     Next,   the  number  of  U.   S.  published  journals  were  counted  by  field. 
We  noted  that  the  relative  proportions  among  fields  were  different  from  the 
proportion:'        the  table  of  weights  used  in  computation.     This  is  due  to  the 
increased  co,    .age  of  scholarly  journals  which  the  Fry/Indiana  University  list 
provided,   the  more  restricted  coverage  of  the  1962  ISI  list,  and  the  changes 
in  the  number  of  journals  published  in  each  field  since  1962. 

Next,   twenty  journals  in  each  field  were  randomly  selected  from  the 
1962  UlrichVs,  and  then  tracked  forward  through  successive  issues  of  Ulrich^s 
and  New  Serial    Titles  (HA)  to  determine  the  death  rate.     Name  changes  were 
noted  so  that  deaths  would  not  be  overestimated.    "Superceded"   journals  were 
counted  as  still  existing  continuations.     A  journal  published  in  the  U.  S.  in 
1962  but  later  listed  as  published  in  another  country  was  counted  as  still 
existing.     The  results  are  shown  in  the  following  table.     (We  caution  that  these 
results  only  approximate  true  rates,  due  to  the  small  sample  sizes  used).  Note 
that  two  Engineering  journals  which  ceased  publication  in  1960  were  carried  in 
the  1962  Ulrich' s.     Also,   there  were  nine  "don't  knows",  where  it  was  impossible 
to  determine  the  exact  date  when  the  journals  ceased  publication.     We  assumed 
that  these  were  deaths,  although  they  may  be  due  to  changes  in  coverage  of  the 
lists  we  examined. 

Despite  tliese  efforts,  our  sample  included  only  two  journals  which  we 
classified  as  stratum  2  journals:     Plastics  World  and  Aerospace  Management. 
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Table  I.  2  RESULT  OF  ANALYSIS  TO  DETLRMINE  DEATH  RATES 


Field  of  Science 

1962 
Ulrich's 
Total 

Sample 
Size 

Still 
Existing 

Dea  .hs 

Year  of 
Death 

1.  Physical 
Sciences 
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1 

1962 

2.  Mathematics 
k  Statistics 
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19 

1 
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journal  y,i-o-..:.li  \;ouU'  not:  Im^  ovo.fc n:  t''^  ^ 


tionf..     Tr'acle  jdin.il:;  wgil-  .'nclu.lcc!   L'n  om':  sc:r:plo  lx:cnu:'A^  of  tlicir  scientific 
and  tochnJc^l   in  To       r' on  vali.:?.     HoK'Cvrr,   ^c-r!"  ;:pocifI.c  field?:  which  emphasise 
teclinicr.l,  env;i:ni?erins,  rnid   Ircidc  infor-.-uiuion,  and  v;hicli  r.i/;y  be  ^^;pocially 
sensLtive  lo  research  civd  dnvea opitT^it^  fuiidiiij^,  such  as;  tlj-a  aerospace  and 
elo.ctvoaic  i:  co:  ir.i'.n  i.i-'i  u:; ^  luay  be  iiriaf^rronrc.-.icnlcd  bc:^.aiir;«':  tl-oy  v.'cre  not  adc- 
quate.ly  cov(?rc'd  in  the  ooirce  lit:ts  used  for  .'^ir  s£i:<:p].xni^ . 

The  preccdjii^;  described  llie  rr.el:Kud£i  u^^ed  Lo  do.vj^J.op  vjei^^J-iLins  f«?c!:Grs 
which  rcfj.cclA'd   Ihc.  ^rowlh  iri  l:lic  tounl  ni/.-.ber  of  _iourn:;ls  puhj.i.-'b.cd  ia  19('2 . 
The^G  v^orc  ur.cd  for         in  uhL  corputrcit  Litr;.-!  f  orn'i.  1  f.--. .     bcc»!a,';r-'.  ov  ti.^  di.ffer:iia 
sampling;  Levels,   individual  article  char.-'.r  r  crir-L  ic^^  >  for  r.>:.-'::ip.l  •? ,  liad  to  be. 
v/eighLc'd  up  to  annnal  valuer;  in  ordcir  to  .ijl  rul;. tr-  r-Vi.r;i;_yj«.- .     In  for.  :ula  oi*.e, 
(ISS^)     A     (ARiVlGS^)  r^presontt^   flie  lol-  '  nn::i-  cr  ol:  articles  pnbliylir.d  in  a 

given  year  l-.y  journcil   i,   estimaCtxl  hy  i.iM.'!  Vipl^  iw;.  is^^v::::.  p^:r  year  timaa  s-irticles 
per  isruie.     In   forii:-]a  t.v;o,    (ISS^)   is  t:b--  i:ni:;brT  of  isr^u^:^  rc-gularly  published 
by  journ:?!  i  dnrii^c  Lbc  year  undar  corisid-.  ralici: .     In  forr-ula  throe,   (CRAr:/LIl\\ ) 
tiino>;   (l/r.^:/PC.^  est:lniar:e'-^  ih-j  c]^ar/:c j ers  po:  i)r.r,r-  for  journ.:;]   i,  and  ^h^.s  is 

then  \-/ci-]^tcd  by  pa^-;cs  per  article,  artirle.'^  prrr  ij.su':',   is;-ncs  per  vrnr,  and 
M,  /r-,    for  each  ob,serv^at:ion ,  and  tln-i:  .^n:.-..::,  pric'r  to  divi.siou. 


I. A 


Tiio  AuL'ior  r>urve^ 


Jn Lrudec  l  '\  on 


The  Autlior  Snr'vey  w.is  r;(  .r.d  i.u  :  t- d    luriii:^  the  sii5-.;:cr   of  197/!.     It  \/a.«^; 
desip.rud  as  <:  .siirrplf'»   irv.-ru  U'  n.-'lbod  of  rbta  M:ii\:  data         tv'O  .'^ef-.is:  autliors' 
tjvpe?  i  (  .;r        v  i  i,  b    !  !)(  '  }'  rn  ,i  j^^.L  1  i  idi^^d  a^l^^les,   ;';-■]   the!,     i  denl.  i  f         i(ui  of  and 
to  {lu'  ,.r:ie'       \dil.b  ilioy  die.     /r'O'n  lAi.-  be  j,i '.v '      ,       Hi;:Jor  des^;n 
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criterion  was  the  use  of  a  short  questionnaire*  format  which,  would  simplify 
response,  hopefully  resulting  in  a  high  response  rate.  Results  were  to  be 
used  to  estimate  values  for  all  authors  of  scientific  and  technical  articles. 

1.4.2        Design  of  Author  Questionnaire 

One  objective  in  the  design  of  the  Author  Survey  questionnaire  was  to 
minimize  respondent  effort,  since  a  mail  questionnaire  was  to  be  used  without 
mail  or  telephone  follow-up.     The  number  of  questions  was  kept  to  a  minimum. 
No  demographic  characteristics  were  requested.     In  order  to  minimize  the  bulk 
of  the  questionnaire,  we  decided  to  use  a  regular  business  envelope  for  mailing. 
This  included  two  items:     a  cover  letter  with  the  full  text  of  questions  printed 
on  the  back,  and  a  post-paid  return  postcard  which  included  abbreviated  forms 
of  the  questions. 

Two  separate  surveys  were  originally  planned.     We  needed  to  collect 
data  on  the  production  and  dissemination  of  information  from  the  author^s 
viewpoint;  we  also  needed  data  on  the  use  of  this  information.     The  authors  of 
articles  sampled  in  the  journal  tracking  survey  would  be  contacted  for  informa- 
tion regarding  article  revision,  page  changes,  reprint  purchases,  md  reprint 
distribution.     Then,  through  Science  Citation  Index,  users  of  these  articles 
would  be  identified  by  noting  authors  who  cited  the  original  articles.  These 
users  would  then  be  contacted  about  how  they  identified  and  obtained  access  to 
the  articles  which  they  cited.     In  this  way,  we  would  obtain  information  about 
several  different  stages  of  the  information  transfer  cycle.     Information  on  the 
number  of  revisions  made  would  be  input  to  the  journal  cost  model.     Page  charges 
would  give  an  indication  of  one  source  of  journal  income.     Reprint  distribution 
would  identify  the  author^s  own  role  in  dissemination  of  his  or  her  own  article. 
On  the  other  end,  citing  authors'  identification  and  access  methods  would  des- 
cribe the  major  step  from  the  generation  to  the  assimilation  of  information. 
Addresses  for  this  latter  group  of  authors  would  be  identified  via  directories 
of  scientific  organizations,  biographical  listings,  and  other  sources,  .such  a^ 
examination  of  the  citing  authors'  own  articles. 


AOS 


There  were  practical  problems  associated  with  doing  two  separate 
surveys.     First,  identifying  enough  cited  articles  from  the  articles  sampled 
in  the  tracking  survey  would  be  difficult.     Second,   locating  current  addresses 
(or  any  addresses)  for  these  citing  articles  would  require  examination  of  more 
sources.     Considering  this,  we  decided  to  combine  the  two  surveys  into  one. 
Authors  were  asked  questions  about  their  own  article  and  about  an  article  which 
they  had  cited.     Therefore,  only  one  form  was  needed,  villi  two  separate  sets  of 
questions . 

Data  requirements  for  part  one  of  the  . uestionna  v.  e  were  straight- 
forward: 

e        riUT'.ber  of  tiiT.r:'3  the  article  was  returned  to  the 
author  for  revision 

•  a:!iount  paid  in  page  charges 

»        number  of  reprints  obtained  from  publislrer 

•  whether  or  not  reprints  were  paid  for 

•  number  of  reprint  requests  received 

The  questions  dealing  with  the  cited  article  were  more  complex.  We 
wanted  to  develop  a  model  of  article  "flow"  which  included  both  method  of 
identification  and  method  of  acce53s.     Points  to  be  considered  were  whether  or 
not  the  author  was  doing  a  literature  search,  method  of  identification  used, 
method  of  access  used,  and  whether  or  not  the  article  was  photocopied. 

The  first  point  was  simple,  assuming  familiarity  with  the  term 
"literature  search". 

The  second  point,  method  of  identification,  included  a  combination 
of  "direct"  and  "indirect"  identification  methods.     Direct  identification  means 
that  the  author  was  looking  for  information  on  the  selected  topic.  Indirect 
identification  means  that  the  author  "chanced  upon"  the  cited  article.  We 
realized  that  in  some  cases,  identification  and  access  occur  simultaneously, 
for  example,  when  an  author  receives  a  reprint  without  requesting  it. 
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The  third  and  fourth  points,  access  method  and  photocopying,  at  first 
caused  some  problems  in  developing  a  flow  model.     Photocopying  itself  might  be 
thought  of  as  an  access  method.     However,  we  were  most  interested  in  the  author^s 
initial  access  method,  and  considered  taat  photocopying  is  a  secondary  method 
used  after  the  author  first  obtains  physical  possession  of  an  article  in  a 
journal,  reprint,  or  preprint  form.     Still,  photocopying  was  retained  in  both 
the  quescion  on  copying  and  access,  since  a  photocopy  can  serve  as  both  primary 
and  secondary  access.  ^ 

Also,  "copying"  was  expanded  to  include  both  photocopying  and  the 
generation  of  hard-copy  from  microform. 

1.4.3  Pretesting 

Pretestiig  was  dene  in  July  and  August  of  1975.     The  initial  question- 
naire version  is  shown  in  Appendix  VI.     Twenty-three  were  mailed  out,  and 
thirteen  were  returned  to  CQS  plus  one  marked  "deceased".     The  questionnaire 
was  printed  on  the  back  of  the  cover  letter.     Instead  of  a  printed  postcard, 
pretest  authors  received  a  copy  of  the  postcard  photocopies  on  an  8-1/2  x  11" 
sheet,  on  the  front  of  which  was  copied  the  address  for  the  Center  for 
Quantitative  Sciences  in  Rockville.     We  asked  them  to  fill  out  the  answers, 
fold  over,  staple,  and  return  the  sheet. 

Several  multiple  responses  were  received  to  single  questions.  Based 
on  this,   respondent  comments,  and  further  discu3sion,   the  list  of  response 
categories  was  expanded  as  shown  in  the  revised  questionnaire.  Appendix  VTI. 
The  cover  letter  was  also  revised  slightly,  and  postcards  were  printed  with 
the  Chicago  Market  Facts  post  office  box  number  as  a  mail  drop.     This  was  done 
so  that  return  postage  would  be  paid  only  for  respondents. 

We  were  somewhat  surprised  by  the  response  rate,  even  for  such  a 
small  pretest,  and  felt  that  this  was  due  to  the  nature  of  the  audience,  the 
questionnaire  topic,  and  the  method  of  questionnaire  preparation. 

The  authors  contacted  are  not  simply  a  generalized  audience.     They  are 
a  select  group  of  people  who  have  taken  the  time  to  perform  timcconsumlng  re- 
search and/or  prepare  articles  for  journ<*ls,  many  of  which  are  professionally 
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reviewed.     We  assumed  that:  the  author's  feeling  of  pride  in  their  own  work  would 
carry  over  to  being  asked  about  their  activities  surrounding  it      Also,  even 
though  the  questionnaire  uas  copied,  each  one  had  article  citations  individually 
typed,  and  eacli  one  vis  signed  by  hand.     This  added  a  note  of  personalization. 

1.4.4  Data  Collection 

The  following  operations  were  involved  in   mailout  from  CQf. :  typing 
of  author's  article  and  cited  article  citation  on  cover  letter;   typing  of  author 
name  and  address  on   envelopa    insertion  (by  hand)  of  coding  number-j  on  response 
card;   folding,   insertion,  sealing,  and  stamping  of  envelopes.     A  total  of  2,123 
questionnaires  were  mailed  out  during  September  of  1975. 

Survey  monitoring  consisted  of  re-addressing  questionnaires  which  were 
returned  with  forwarding  addresses  and  rospondiTig  to  telephone  queries  of  authors 
regarding  the  survey.     The  cover  letters  included  a  long-distance  collect  number, 
but  only  two  long-distance  calls  were  received.     Fewer  than  ten  calls  were 
received  from  authors  located  in  the  Washington,  D.  C  metropolitan  area.  All 
questions  dealt  with  the  purpose  of  the  survey  rather  than  with  questionnaire 
ambigui  ties . 

1.4.5  Interpretat i o n__o Survey  Rg/^uj^ts 

Several  considerations  should  be  kept  in  mind  when  analyzing  the  re- 
sults of  the  Author  Survey. 

As  mentioned  in  the  section  on  sampling,  authors  were  selected  only 
from  journals  wliich  were  included  in  the  journal  tracking  survey.  Therefore, 
the  representativeness  of  respondents  was  limited  initially  by  the  representa- 
tiveness of  the  sampling  process  which  generated  the  sample  list  of  journal  titles. 

The  majority  of  authors  were  selected  on  the  basis  of  the  journal's 
Inclusion  of  a  useable  address.     This  practice  varies  considerably  from  journal 
to  journal;  many  journals  consistently  do  not  print  author  addresses,  even 
though  we  found  that  the  excliange  of  repri'^.ts  among  scientists  accounts  for  a 
considerable  amount  of  the  total  of  article  accesses. 

408 


Although  authors  who  publish  in  scientific  and  technical  journals  are 
predominantly  college  or  university-based,  it  was  our  impression  that  the  pro- 
portion of  university  addresses  to  non-university  addresses  was  higher  than  the 
actual  proportion  of  university  authors  to  non-university  authors.  Therefore, 
we  feel  that  our  responses  were  biased  somewhat  towards  university-based  authors. 
Because  place  of  employment  was  not  a  consideration  in  selection  or  analysis, 
however,  we  have  no  data  to  support  this. 

Cited  journal  articles  were  chosen  which  were  not  authored  or  co- 
authored  by  any  of  the  authors  listed  for  the  source  article.     This  restriction 
was  made  because  we  were  interested  in  the  more  "formal"  methods  of  article  dis- 
tribution.    It  is  likely  that  inclusion  of  self-authored  or  cu-authored  articles 
would  result  in  a  bias  towards  "internal"  article  transfer  such  as  professor 
to  graduate  student.     It  is  also  likely  that  self-citations  are  made  to  articles 
which  are  already  in  the  author's  own  collection  since  authors  generally  main- 
tain copies  of  their  own  articles  for  future  reference  or  for  distribution  via 
reprint  channels. 

Only  "first  authors"  were  contacted,   i.e.,  only  those  whose  names  were 
listed  first.     In  sor?  fields,  it  is  the  common  practice  to  list  graduate 
students'  names  first  before  professors'  names.     Ue  considered  limiting  our 
survey  only  to  single-article  authors,  but  this  was  infeasible  due  to  the  large 
number  of  co-authored  articles.     We  do  not  know  what  effect  this  had  on  responses 
or  r  sponse  rate. 

For  many  authors  who  responded,  a  problem  of  recall  was  possible. 
Authors  were  contacted  by  mail  in  the  summer  of  1975,  and  some  were  asked  about 
articles  which  they  had  cited  in  their  1968  articles,  a  minimum  span  of  seven 
years.     Since  the  questionnaire  was  in  two  parts,  part  one  asking  about  the 
author's  article,  and  part  two  asking  about  the  cited  article,  we  expected  much 
more  non-response  to  part  two  than  to  part  one,  especially  for  older  source 
articles.     This  was  not  the  case;  practically  all  respondents  answered  both 
parts  of  the  questionnaire. 

Because  we  did  not  intend  to  analyze  data  by  field  of  science  for  the 
Autlior  Survey,  an  exact  count  was  not  kept  of  outgoing  questionnaires  by  field. 
Also,   the  number  of  outgoing  questionnaires  by  year  of  source  artricle  was  not 
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recorded,  since  authors  had  not  been  randomly  sampled.     Ic  is  interesting  to 
examine  the  number  of  responses  by  field  and  year,  however. 

An  attempt  was  made  to  collect  equal  numbers  of  author  addresses  for 
recent  articles  as  well  as  f  :  older  articles.     /Je  expected  a  much  lower  response 
rate  for  older  articles.     A  rhough  we  do  not  at  this  time  have  an  exact  count 
of  numbers  of  outgoing  questionnaires  by  year  of  source  article,  we  were  some- 
what surprised  by  the  large  number  of  older  responses,  a  credit  to  the  coopera- 
tion of  respondents  and  to  the  diligence  o^  the  postal  service  and   past  em- 
ployers in  forwarding  questionnaires.     Exact  numbers  of  responses,  by  field  and 
year,  are  shown  in  Table  1.3. 

Two  thousand   one  hundre'^  and  twenty-three  author  questionnaires  were 
mailed  out,  and  943  useable  responses  were  received  in  time  for  analysis,  a 
44.4%  response  rate.     Sixty-four  were  returned  too  late  for  analysis,  resulting 
in  a  total  response  rate  of  47.4%.     One  hundred  ninety-one  were  returned  as 
undeliverable  prior  to  the  cut-off  data,  and  34  after.     If  undeliverables  (due 
to  no  forwarding  addresses  or  incomplete  addresses)  are  subtracted  from  the 
total  mail-out,  a  prior  to  cut-off  date  response  rate  of  48.8%  was  obtained,  and 
a  post  cut-off  response  of  53.1  percent. 

We  considered  these  response  rates  to  be  very  high,  especially  since 
no  mall  or  telephone  follow-ups  were  used.     We  felt  that  our  initial  objective 
of  perfornilng  a  low-cost,   simplified  author  survey  had  been  attained.  Still, 
there  always  exists  In  a  survey  of  this  type  the  problem  of  non-response.  No 
rigorous'  malysis  of  non-response  has  been  performed  thus  far,  nor  has  a  separate 
survey  o^.  non-respondents  been  conducted. 

Numerous  hypotheses  might  be  developed  regarding  the  unaccounted-for 
891  questionnaires.     Wliat  percent  were  neither  forwarded  nor  returned  to  us? 
How  many  secondary  authors  received  the  questionnaires  and  felt  they  could  not 
answer  the  questions?     How  many  authors  had  died?    How  many  questionnaires  were 
received  by  institutions  v;hile  the  author  was  away  on  summer  vacation,  only  to 
be  forgotten  In  the  bottom  of  a  mall  pile?    How  many  authors  refused  to  respond 
either  because  they  could  not  remember  as  far  back  as  1968  or  because  they  felt 
the  ques tioanaire  was  an  invasion  of  privacy?     (We  felt  the  privacy  issue  was 
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minimized  bec:>i.i:u^  of  the  non-in .  Lusi  on  of  demographic  quostions  and  because 
of  the  promise  of  confidentiality.     Still,  one  author  did  telephone  us  to  voice 
concern  that  the  survey's  objective  was  really  the  evaluation  of  him  or  his 
program) . 

Because  of  these   il   ve  considerations,   the  reader  should  view  the 
author  survey  results  with  some  care.     We  feel  th.it  the  major  conclusions  — 
the  relative  use  of  various  sources  of  access,   for  example  —  are  valid,  and 
have  no  reason  to  believe  that  non-respondents  behave  differently  from  res- 
pondents vis-a-vis  these  conclusions.     Keeping  all  the  above  in  mind,  we  feel 
that  the  particular  theoretical  and  methodological  techniques  used  in  this 
survey  merit  further  application. 

1.4.6        Data  Reduction  and  Analysis 

Response  cards  were  addressed  to  the  Market  Facts,  Chicago  "  ..^''ty 
for  editing  and  keypunching.     Most  cards  required  little  editing  since  response 
format  was  straightforward.     A  few  with  problems  —  e.g.,  multiple  responses, 
setjiOingly  contradictory  responses  —  were  mailed  to  CQS  in  Rockville,  where  a 
short  set  of  coding  instructions  was  developed.     These  were  then  returned  to 
Chicago  for  keypunching.     Specifications  for  machine  tabulating  (sorting 
instructions,  column  headings,  cross-tabulations)  were  developed  and  these, 
along  vitli  codi       formats,  were  programmed  in  Chicago, 

Two  major  tasks  were  required  for  proper  analysis:     year  of  cited 
article  and  weighting  factors  needed  to  be  inserted  into  the  computer  record 
prior  to  tabulation. 

Year  of  cited  article  was  needed  so  that  the  time  between  cited  article 
publication  and  use  of  that  article  could  be  measured.     These  had  been  collected 
but  had  not  originally  been  included  in  che  response  card  record  format. 
Supplementary  coding  sheets  were  prepared,  and  for  each  outgoing  questionnaire 
(excluding  those  which  were  returned  as  undeli verable)  year  of  cited  article 
was  inserted  as  a  two-digit  number.     (Cited  article  dates  prior  to  1900  were 
coded  as  "99''). 
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Two  weighting  factors,  similar  to  those  discussed  for  the  Tracking 
Survey  in  Section  T.3.7,  had  to  be  calculated.    These  factors  represented  the 
proportional  numbers  of  articles  cited  in  all  the  journals  and  articles  repre- 
sented by  our  sample,  for  each  field  of  science,  year,  and  stratum  under  con- 
sideration, divided  by  numbers  of  responses.    The  "article  weight"  was  generated 
by  multiplying  (articles  per  issue)   times  (issues  per  year)  times  (journals 
published  per  year)  for  each  field  of  science  (1-9),  year  (1968-1975),  and 
stratum  (1,  2,  3).     This  was  then  divided  by  the  number  of  author  responses  in 
chat  field,  year  and  stratum.     The  "citation  weight"  wa-  generated  by  multiplying 
(articles  per  issue)   times  (issi-  s  per  year)  times  (journals  published  per  year) 
times  (articles  cited  per  articlcj  for  each  field,  year  and  stratum.     This  was 
also  divided  by  the  number  of  responses  in  that  field,  y»-ar,  and  stratum. 

Note*  that  these  weights  are  similar  to  those  described  in  Section 
1.3.7,  except  for  the  sequence  of  operations.    Journal  Tracking  Survey  weights 
also  were  calculated  by  dividing  by  the  number  of  "responses"  (i.e.,  the  number 
of  journal  observations,  m^) ,  except  that  this  step  was  accomplished  as  an  inte- 
gral part  of  computer  calculation.     (Table  I.l,  strictly  speaking,  depicts  only 
a  multiplicative  element  which  was  combined  with  factors  such  as  issues,  pages, 
characters  per  page,  etc.,  prior  to  division  to  generate  the  final  weighting 
factor) . 

Because  the  tabulated  results  from  the  journal  tracking  survey  were  not 
yet  available  for  the  development  of  weights  in  the  author  survey,  Tracking 
Survey  forms  were  examined  manually  (prior  to  keypunching).     Articles  cited  per 
article,  articles  per  issue,  and  issues  per  year  were  recorded  on  data  sheets 
from  each  tracking  survey  form  used  as  a  source  for  the  article  survey.  These 
were  subdivided  by  year,  field  of  science,  and  stratum,  and  the  average  items 
cited  per  article  and  average  articles  published  per  journal  were  calculated 
for  each  of  these  categories.     The  latter  average  was  then  multiplied  times  our 
estimate  of  the  number  of  journals  per  year  published  in  each  field  and  stratum, 
to  generate  a  table  of  the  total  number  of  articles  published  per  year,  field, 
and  stratum.     These  figures  were  then  multiplied  times  the  average  number  of 
articles  cited  per  article  to  generate  a  table  of  the  total  number  of  items 
cited  per  year. 
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The  stratum  number  for  each  author  questionnaire  (equal  to  the  stratum 
number  for  the  journal  in  which  the  author's  article  appeared)  was  inserted  on 
the  supplementary  coding  sheet  containing  the  date  of  the  cited  article.  These 
date  elements  were  added  to  the  individual  keypunched  records,'  and  responses 
were  counted  by  year,  field,  and  stratum.     Each  of  the  values  in  the  two  pre- 
ceding tables  (total  articles  published  per  year  and  total  articles  cited 
per  year)  was  then  divided  by  responses  for  each  field,  year,  and  stratum  to 
generate  the  final  weighting  factors.     These  weighting  factors  are  displayed 
in  Tables  1.4  and  1.5. 

Note  that  the  estimate  of  articles  per  issue  and  issue  per  year,  used 
in  calculating  average  articles  published  per  journal  per  year,  were  drawn 
only  from  journals  used  as  sources  for  the  author  survey,  resulting  in  small 
sample  sizes  for  individual  field,  year,  and  stratum  cell  values-     These  values 
were  somewhat  different  from  the  final  values  calculated  from  tracking  survey 
data,  and  may  be  the  source  of  some  error  in  author  survey  responses.  Also, 
another  minor  source  of  error  was  the  count  of  the  number  of  articles  cited  per 
article.     Although  the  survey  considered  identification  and  access  of  articles 
which  were  not  self -citations ,  the  count  used  in  generating  the  citation  weights 
was  made  of  all  articles  cited  by  the  contacted  authors.     Assuming  that  the 
proportion  of  self-citations  to  non-self-citations  is  similar  across  fields, 
this  should  not  significantly  affect  the  calculation  of  response  percentages 
for  the  author  survey  data. 

Initial  tabulation  of  data  was  by  computer,  with  various  sorts  and 
cross-tabulations  by  year  of  author's  article,  year  of  citing  author,  individual 
questions,  and  so  on.     Calculation  of  individual  path  frequencies  and  percents 
(i.e.,  percent  and  frequency  of  each  combination  of  identification  method  and 
access  method)  was  done  by  hand,  directly  from  response  cards.     No  analysis  by 
individual  field  of  science  was  performed  because  of  the  small  individual  field 
sample  size  for  each  year. 
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Table  1.4  AUTHOR  SURVEY  ARTrCL.E  WEIGHTS  (x20) 


Year 

Field  of 
Scienc  e 

St  ratum 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1.  Physical 
Scienc  es 

1 

3 

1  32 
348 

117 

395 

123 
107 

95 

111 

Q  n 
o  U 

140 

*t  U  J 

71 
1  S7 

101 
278 

2.  Mathematics 
&c  Statistics 

1 

3 

30 
57 

346 
31 

45 
17 

93 

35 

64 

20 

64 

3.  Computer 
Scienc  e 

1 

3 

18 
14 

6 
6 

15 

7 

15 

/ 

D 

6 

c 

D 

24 

D  V 

6 

A 
*± 

4.  Environmental 
Science 

1 

3 

26 
49 

48 
57 

19 
25 

30 
1 1 

20 
J  U 

65 

28 

56 

5.  Engineering 

1 

3 

175 

517 

338 

267 

145 

J  ( 

286 

159 

199 

6.    Life  Sciences 

1 

3 

853 

294 

436 

306 
118 

592 
527 

311 
64 

604 
490 

362 
102 

7.  Psychology 

1 

3 

25 
56 

60 
49 

38 
20 

58 
32 

54 
18 

32 
44 

28 
28 

80 
110 

8.  Social 

Science 

1 

3 

371 

348 

243 
56 

243 

819 
17 

152 

152 

9.  Other 
Sciences 

1 

3 

94 

70 

40 

79 

39 

47 

29 

Note:  =  No  response  received. 
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Table  1.5  AUTHOR  SURVEY  CITATION  WEIGHTS  (xlOO) 


Year 

Field  of 

Scienc  e 

Stratum 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1.  Physical 

1 

140 

124 

1  30 

100 

118 

149 

75 

107 

Sc  ienc  es 

3 

I'?  ^ 

JC.  J 

7  7 

74 

372 

1 45 

257 

2.  Mathematics 

1 

19 

217 

28 

58 

22 

40 

1  3 

40 

&  Statistics 

3 

1  7 

Q 

7 

9 

23 

3.  Computer 

1 

10 

3 

8 

4 

8 

3 

14 

3 

Science 

3 

1  1 

c; 

4 

5 

4 

47 

3 

4.  Environmental 

1 

36 

66 

27 

42 

28 

90 

39 

78 

Sc  ienc  es 

3 

7  A  J. 

■^1  1 

1  37 

61 

165 

228 

1  37 

109 

5.  Engineering 

1 

3 

135 

398 

260 

206 

112 

220 

122 

153 

6.  Life 

1 

1,062 

367 

543 

381 

737 

387 

752 

451 

Sc  ienc  es 

3 

86 

47 

357 

74 

7.  Psychology 

1 

41 

101 

64 

97 

89 

53 

47 

1  34 

3 

45 

39 

16 

27 

14 

35 

22 

88 

8.  Social 

1 

175 

165 

115 

115 

387 

72 

72 

Scienc  e 

3 

13 

4 

9.  Other 

1 

73 

55 

31 

62 

30 

36 

23 

Sciences 

3 

Note:  -    no  response  received. 
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SAMPLE  JOURNAL  TITLES 
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I 

Field  1  "  Physl_c_al  Sciences 


Journal 

Code  Title 

1  01  Adhesives  Age 

1  02  Analytical  Chemistry 

1  03  Applied  Optics 

1  04  Astronomical  Society  of  the  Pacific  Publications 

1  05  Cereal  Chemistry 

1  06  Comments  on  Solid  State  Physics 

1  07  Crit-ical  Reviews  in  Solid  State  Sciences 

•k 

1  08  High  Temperature 

1  09  International  Journal  of  Theoretical  Physics 

1  10  IEEE  Transactions  on  Audio  &  Electroacoustics 

1  11  Journal  of  the  Association  of  Official  Analytical  Chemists 

1  12  Journal  of  Chemical  Documentation 

1  13  Journal  of  Crystal  and  Molecular  Structure  ' 

1  14  Journal  of  Magnetic  Resonance 

1  15  Journal  of  Medicinal  Chemistry 

1  16  Journal  of  Physics  and  Chemistry  of  Solids 

1  17  Journal  of  Plasma  Physics 

kk 

1  18  Letters  in  Heat  &  Mass  Transfer 

1  19  Nuclear  Technology 

1  20  Particles  and  Nuclei  Series 

1  21  Physical  Review  Letters 

1  23  Plastics  World 

1  24  Rocks  and  Minerals 

1  25  Spectroscopy  Letters 


*    High  Temperature,  a  translation  of  a  Russian  journal,  was  used  only  for 
calculation  of  average  physical  characteristics. 

**Another  translation  from  Russian,  dropped  from  survey. 

509 


418 


Field  2  —  Mathematics  imd_/^ tatistics 


Journal 

Code  Title 


2 

02 

American  Mathematical  Society  Proceedings 

2 

03 

American  Statistician 

2 

04 

Applicable  Analysis 

2 

05 

Communications  in  Algebra 

2 

06 

Duke  Mathematical  Journal 

2 

07 

Illinois  Journal  of  Mathematics 

2 

08 

International  Journal  of  Cor  outer  Mathematics 

2 

09 

Journal  of  Differential  Equations 

2 

10 

Journal  of  Mathematical  Analysis  and  Applications 

2 

11 

Journal  of  Recreational  Mathematics 

2 

12 

Mathematical  Systems  Theory 

2 

13 

Mathematics  Teacher 

2 

14 

Pacific  Journal  of  Mathematics 

2 

15 

Quarterly  Journal  of  Mathematics 

2 

16 

Society  for  Industrial  and  Applied  Mathematics 

2 

17 

SI AM  Review 

2 

18 

Studies  in  Applied  Mathematics 

2 

19 

American  Journal  of  Mathematics 

2 

20 

Annals  of  Mathematical  Statistics 

2 

21 

Bulletin  of  Mathematical  Biophysics 

2 

22 

Communications  in  Pure  and  Applied  Mathematics 

2 

23 

IEEE  Transactions  on  Information  Theory 

2 

24 

Journal  of  Mathematical  Physics 

5iO 

419 


Field  3  —  Cojnpjjter^Sc^^^^^        and  Enginef^rlng 


Journal 

Code  Title 


3 

01 

ACM  Communications 

3 

02 

Automation 

3 

03 

Computer 

3 

04 

Computer  Graphics  and  Image  Procesring 

3 

05 

Computers  and  Automation 

3 

06 

Computers  and  the  Humanities 

3 

07 

Computing  Reviews 

3 

08 

Data  Management 

3 

09 

EDP  Performance  Review 

3 

10 

Honeywell  Computer  Journal 

3 

11 

IBM  Journal  of  Research  and  Development 

3 

12 

International  Journal  of  Computer  and  Information  Science 

3 

13 

Journal  of  Computer  and  System  Sciences 

3 

14 

Journal  of  Educational  Data  Processing 

3 

15 

Operating  Systems  Review 

(3 

16) 

SIAM  Journal  on  Control 

3 

17 

SIGCUE  Bulletin 

3 

18 

Simulation  Councils  Proceedings 

3 

19 

Journal  of  the  American  Society  for  Information  Science 

3 

20 

Bulletin  of  the  Medical  Library  Associtition 

3 

21 

Information  and  Control 

3 

22 

IEEE  Transactions  on  Automatic  Control 

3 

24 

Journal  of  the  Association  for  Computing  Machinery 
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Field  4_  - ~  P^.^n V 1  r o n niG n t a  1^  S c  1  encc s 


Journal 

Code  Title 

4  01  Aerospace  Management 

4  02  American  Meteorological  Society  Bulletin 

4  03  Bulletin  of  Marine  Science 

4  04  Coastal  Zone  Management  Journal 

4  05  Earth  Science 

4  06  Fieldiana  Geology 

4  07  Geographical  Analysis 

4  08  Geophysics 

4  09  Journal  of  Applied  Meteorology 

4  10  Journal  of  Geology 

4  11  Journal  of  Marine  Research 

4  12  Journal  of  the  Atmospheric  Sciences 

4  13  Marine  Biology 

4  14  NLGI  Spokesman 

4  15  Ocean  Industry 

4  16  Professional  Geographer 

4  17  Radio  Science 

4  18  Bulletin  of  the  Seismological  Society  of  America 

4  19  American  Journal  of  Science 

4  20  American  Mineralogist 

4  22  Ecological  Monographs 

4  23  Ecology 

4  24  Journal  of  Atmospheric  and  Terrestrial  Physics 

4  25  Journal  of  Geophysical  Research 
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Field  5  —  Engineexins 


Journal 


5 

01 

AFS  Cast  Metals  Research  Journal 

5 

02 

American  Institute  of  Steel  Construction  Engineering  Journal 

5 

03 

American  Society  of  Civil  Engineers,  Soil  Mechanics  &  Foundations 

5 

04 

Bell  System  Technical  Journal 

5 

05 

Civil  Engineering 

5 

06 

Die  Casting  Engineer 

5 

07 

High  Speed  Ground  Transportation  Journal 

5 

08 

IEEE  Transactions  on  Circuit  Theory 

5 

09 

IEEE  Transactions  on  Instrumentation  and  Measurement 

5 

10 

ISA  Transactions 

5 

11 

Journal  of  Applied  Mechanics 

5 

12 

ASME  Journal  of  Fluids  Engineering 

5 

13 

Lubrication  Engineering 

5 

lA 

Metal  Science  and  Heat  Treatment 

5 

15 

Modern  Metals 

5 

16 

Plating 

5 

17 

Review  of  Scientific  Instruments 

5 

18 

Southern  Pulp  and  Paper  Manufacturer 

5 

19 

Astrophysical  Journal 

5 

20 

Industrial  and  Engineering  Chemistry  Process  Design  &  Development 

5 

22 

IEEE  Transactions  on  Education 

5 

23 

Journal  of  Molecular  Spectroscopy 

5 

24 

Nuclear  Science  and  Engineering 

5 

25 

Stain  Technology 

ERIC 


422 


Fields  6  —  Life  Science s 


Journal 


Code 

Title 

0 

Ui 

Agricultural  Engine^^ring 

r 
0 

02 

American  Journal  of  Digestive  Diseases 

6 

03 

American  Midland  Naturalist 

0 

U  J 

Biotechnology  and  Bioengineering 

0 

Do 

Citrus  &  Vegetable  Magazine 

c 
0 

0  / 

Delaware  Medical  Journal 

D 

uo 

Evaluation 

0 

oy 

Group  Practice 

0 

International  Pathology 

c 

0 

ii 

.Journal  of  Dental  Education 

/: 
0 

1  o 

Journal  of  Nervous  and  Mental  Diseases 

c 
0 

i  J 

Journal  of  Surgical  Oncology 

0 

Medical  Marketing  and  Media 

6 

15 

North  Carolina  Medical  Journal 

6 

16 

Pharmacy  in  History 

6 

17 

Rhode  Island  Medical  Journal 

6 

18 

Theoretical  Population  Biology 

6 

19 

American  Heart  Journal 

6 

20 

Analytical  Biochemistry 

6 

21 

Bulletin  of  Experimental  Biology  and  Medicine 

(6 

22) 

Ecological  Monographs 

6 

2A 

Journal  of  the  National  Cancer  Institute 

6 

25 

New  York  State  Journal  of  Medicine 

;)1 1 


A23 


Journal 

Code  Title  : 

7  01  American  Journal  of  Psychology 

7  02  Behavioral  Biology 

7  03  Clinical  Psychologist 

7  04  Developmental  Psychology 

7  05  Genetic  Psychology  Monographs 

7  06  International  Journal  of  Symbology 

7  07  Journal  of  Applied  Psychology 

7  08  Journal  of  Contemporary  Psychology 

7  09  Journal  of  Experimental  Child  Psychology 

7  10  JournA.'   of  Humanistic  Psychology 

7  11  Journal  of  Personality 

7  12  Journal  of  School  Psychology 

7  13  Journal  of  Transpersonal  Psychology 

7  lA  New  Outlook  for  the  Blind 

7  15  Perceptual  and  Motor  Skills 

7  16  Psychological  Issues 

7  17  Psychology  in  the  Schools 

7  18  School  Psychology  Digest 

7  20  Behavioral  Science 

(7  21)  Genetic  Psychology  Monographs 

7  22  Journal  of  Comparative  and  Physiological  Psychology  and  Supplement 

7  23  Journal  of  tlie  Experimental  Anal  of  Behavior 

7  25  Psychiatry 


5  1 5 

424 


Fiold  8        Social  Sciences 


Journal 


Code 

Title 

8 

01 

Americnit   'ourii.il  of  Cri:"inal  Lnw 

8 

02 

Arkan?;as  L.aw  Review 

8 

03 

Chronicles  of  O''ln!ioir;,i 

8 

04 

Criminology 

8 

05 

Extrapolation 

8 

06 

Growth  and  Change 

8 

07 

Illinois  School  Research 

8 

08 

Journal  of  Collective  Negotiations  in  the  Public 

8 

09 

Journal  of  Mississippi  History 

8 

10 

Foundational  Studies 

8 

11 

Missouri  Historical  Society  Bulletin 

8 

12 

Northwest  Anthropological  Research  Notes 

8 

13 

Pakistan  Perspective 

8 

15 

Smith  College  Studies  in  Social  Work 

8 

16 

Stanford  Law  Review 

8 

17 

Social  Service  Review 

8 

18 

Yale  Law  Journal 

(8 

19) 

IEEE  Transactions  on  Education 

8 

20 

American  Journal  of  Pharmaceutical  Education 

;)  1  (; 

425 


Field  9        Othor  Scionco;' 


Journal 


_Coclo  _ 

9 

01 

American  Laboratory 

9 

02 

Annalf!  of  the  New  York  Acaclfiny  of  ScLen 

9 

03 

Drexel  Library  Quarterly 

9 

04 

Energy  Systems  and  Policy 

9 

05 

Georgia  Academy  of  Science  Bulletin 

9 

06 

Industrial  Research 

9 

07 

Iowa  State  Journal  of  Research 

9 

08 

Kansas  University  Science  Bulletin 

9 

09 

Library  Journal 

9 

10 

Library  Trends; 

9 

11 

Michigan  Academician 

9 

12 

National  Academy  of  Sciences  Proceedings 

9 

13 

Northwest  Sclo  -re 

9 

14 

PNLA  Quarterly 

9 

15 

Science 

9 

16 

Scientific  American 

9 

17 

Technical  Communication 

9 

18 

Texas  Journal  of  Science 

(9 

19) 

Journal  of  the  American  Society  for  Information 

9 

20 

American  Scientist 

(9 

21) 

Bell  System  Technical  Journal 

(9 

22) 

lEEF.  Transactions  on  Education 

(9 

23) 

IKKE  Transactions  on  Information  Theory 

(9 

25) 

Science 

(9 

26) 

Technoinetrlcs 

i)  1  V 
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DISTRIBUTION  OF  SAl-lPLE  JOURNAL 
TITLES  AMONG  PUBLISHER  TYPES 
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Sample  journal  titles  were  distributed  among  publisher  types  as 
follows.     The  first  row  is  the  number  of  publishers  in  the  sample  which  pub- 
lish one  sampled  journal,  the  second  row  is  the  number  of  publishers  which 
publish  two  sampled  journals,  and  so  on. 


Publisher  Type 

Educational 

Society 

Commercial 

Institutions 

Other 

One  Journal 

54 

30 

20 

5 

Two  Journals 

5 

5 

0 

0 

3-4  Journals 

3 

2 

3 

0 

5-6  Journals 

2 

1 

0 

0 

7-11  Journals 

1 

1 

0 

0 

No.  Publishers 

65 

39 

23 

5 

No.  Journals 

103 

53 

30 

5 

No.  Publishers  Covered 

in  Sample  = 

152 

The  publisher  categories  used  were  defined  as  follows: 

1.  Society  or  Association  -  scientific  anci  professional 
societies  in  the  U.  S. 

2.  Commercial  -  commercial  publishers  or  for-profit 
companies  which  publish  a  journal. 

3.  Educational  Institutions  -  university  presses  or 
college  or  university  departments  or  divisions. 

A.     Other  -  government,  private  individuals,  and  others. 
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APPENDIX  IV 


METHODOLOGY  FOR  DEVELOP>rENT 
OF  PUBLISHER/ JOURNAL  POPULATION 


Supplied  by  Bernard  M.  Fry,  Principal  Investigator,  Economics  and  Interaction 
of  the  Publisher-Library  Relationship  in  the  Production  and  Use  of  Scholarly 
and  Research  Journals >     National  Science  Foundation,  Office  of  Science 
Information  Services,  Grant  No.  GN-41398. 
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IV.  1 


Definition  of  Scholarly/Research  Journal  in  Context  of  Study 


Since  the  fields  of  human  endeavor  are  so  vast  and  all-inclusive,  . 
in  one  sense  periodicals  of  all  kinds  and  all  descriptions  may  possibly  be 
used  for  research  or  scholarly  purposes.     Additionally,  the  economic  impact 
of  declining  budgets  and  rising  periodicals  costs  on  librarxes  and  publishers 
involves  more  types  of  periodicals  than  those  narrowly  defined  as  primary 
scholarly  research  journals.     As  a  result,  for  the  purposes  of  this  study  the 
definition  of  journals  to  be  included  was  developed  by  exclus-ion  of  certain 
categories  of  periodicals  believed  to  be  inappropriate  either  because  the 
category  would  not  ordinarily  contain  communications  useful  for  scholarly 
purposes  or  would  have  no  economic  impact,  e.g.,  nos.  13-17  below.  These 
exclusions  are  as  follows: 


1.  newsletters 

2.  house  organs 

3.  general,  mass  audience  magazines 

4.  popular  culture  magazines 

5.  periodicals  intended  for  a  juvenile  audience 

6.  little  magazines 

7.  preprints 

8.  patents 

9..  secondary  periodicals  or  services 

10.  periodicals  intended  for  a  local  audience 

11.  trade  journals 

12.  periodicals  not  indexed  by  an  indexing  and/or 
abstracting  services 

13.  processed  periodicals 

14.  tabloids 

15.  free  periodicals 

16.  government  publications 

17.  controlled  circulation  periodicals 


Exceptions  were  made  in  those  subject  areas  which  are  inadequately  covered 
by  indexing  and/or  abstracting  services  and  for  periodicals  which  began 
publication  after  1970. 
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BeCv-  the  difference  in  production  costs  and  rates  of  infla- 

tion, period:  als  ro^  uced  by  countries  other  than  the  United  States  were  not 
included.  Tr:  nslatip.is  of  foreign  language  journals  were  excluded  because  of 
the  unique  costs  involved  in  production  of  these  journals. 

IV. 2  Identification  of  Publisher/Journal  Population 

No  existing  publication  or  service  adequately  identifies  periodical 
publishers  or  their  publications  in  all  subject  areas  and  for  all  types  of 
publishers.     However,  it  was  felt  that  Current  Contents,  published  by  the 
Institute  for  Scientific  Information,  served  the  purpose  of  generating  a  core 
list  of  periodicals  in  the  subject  areas  which  it  covers,  namely:  Behavioral 
and  Social  Sciences,  Life  Sciences^  Physics  and  Chemistry,  Agriculture  and 
Biology,   Clinical  Sciences,  and  Engineering.     Only  those  publishers  with 
United  States  addresses  were  chosen.     Some  of  the  periodicals  which  were 
listed  by  Current  Contents  were  eliminated  on  the  basis  of  the  above  exclusions 
list.     The  number  of  periodicals  chosen  from  Current  Contents  totalled  1,866, 
published  by  1,1A3  publishers. 

In  order  to  augment  the  list  of  publishers  drawn  from  Current  Con- 
tents in  those  subject  areas  not  covered,  or  covered  inadequately,  Ulrich^s 
International  Periodical  Directory,  15  ed.,  was  used  to  identify  the  remain- 
ing periodicals  and  their  publishers,  again  eliminating  on  the  basis  of  the 
exclusions.     In  accord  with  the  decision  to  omit  categories  which  would  rtot 
ordinarily  contain  communications  useful  for  scholarly  purposes,  some  of 
Ulrich's  subject  areas  in  addition  to  those  on  the  exclusion  list  were  not 
considered  to  be  appropriate.     These  v/ere: 

Adventure  and  Romance  Meetings  and  Congresses 

Bibliographies  Pets 

Clubs  Sports  and  Games 

College  and  Alumni  Travel  and  Tourism 

Gifts  and  Toys  Women's  Interests 

Hobbies 
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Various  publications  were  used  to  verify  the  completeness  of  the 
periodical  list.     These  included  the  Encyclopedia  of  Associations,  National 
Trade  and  Professional  Associations  of  the  United  States,  Scientific  and 
Technical  Societies  of  the  United  States,  Research  Centers  Directory,  Publi- 
shers Trade  List  Annual,  PuMishers'  Weekly,  Directory  of  the  Association  of 
University  Presses,  and  numerous  published  discipline  studies  of  periodicals. 
When  the  identity  of  the  publisher  was  in  ioubt,  the  current  issue  of  the 
periodical  was  examined. 

I V . 3  Size  of  Publisher/Periodical  Population 

Selected  through  the  techniques  enumerated  in  the  previous  sections, 
the  population  of  the  periodicals  chosen  totaled  2,563.     These  periodicals 
were  produced  by  1,702  publishers.     The  publishers  were  subdivided  into  four 
categories:     Commercial  (for  profit),  Society,  University  Press,  and  other  not- 
for-profit  publishers.     The  following  table  shows  the  breakdown  of  the  pub- 
lisher/periodical population  by  type  of  publisher. 

Type  of  Publisher 

Commercial 
Society 

University  Press 
Other  not-for-profit 

Total 


9 
O  ^ 


Number  of 
Publishers 

284 
111 
40 
601 

1702 


Number  of 
Periodicals  Published 

683 

1101 
129 

650 

2563 
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APPENDIX  V 


TRACKING  SURVEY  FORMS 

V.l  REVISED  TRACKING  SURVEY  FORM 
V.2     SURVEY  FORM  ASSIGNMENT  SHEET 
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5. 


II 


10 


n 


V.l      ■    REVISED  TRACKING  SURVEY  FOR.M 

Kovm  If  

Staff  momhcr   —  U"^) 

natc  Llbrary_  _   

TRACKING  SURVEY 
JOURNAL  INFORMATION 

I.  T..vn..l  Mcnllflcation  (to  be  filled  out  prior  to  library  visit) 
1,        Full  Journal  Title  — 


2.  Abbreviation   

3.  Journal  Code:   a.  Field  of  Science 

4.  Year  of  journal  being  examined: 


J 


(     )  b.  Journal  H  {  ) 


Last  event  prior  to  197S  (circle  all  applicable  events) 

^        Type  of  last  event:   Name  change    1      Split  2      Combination  3  ( 
.  SUrt  4      Terminate   5      Other  6 

b.       Date  of  event:  Month^  ^  Year^  .  Volume^  ^  Iseue  _ 

6.  Original  source  list  for  this  title  (circle  one) 

1962  ISI...  1  1962  Other...  2  1974  ISI. . .  3  Indiana...  4  (  ) 

7.  Final  sampling  status  of  this  title  (circle  one) 
1962  and  1974   1       1962  only  2      1974  only  3      (  ) 

c:.,K...^ptton  Information  (See  Instructions  for  definitions) 


8.  .     Name  of  publisjiing  organisation 


J  ) 


9.        Code  of  publishing  organization  (circle  one) 

Society  or  Association        1  ^  j 

Comnievcial  or  Business  2 
.    Educational  Institution  3 

Other  4  (specify)  

Is  this  jonrHal  sponsored  by  a  professional  society  or  association? 

1  No      2  (go  to  n6)  Don't  Know      3  (go  to  f  l6)  ( 

Is  .nonsorln^.  society  or  association  same  as  ^n^bli^  organUation? 

Yes       l(£otoffl3)        NO.    2  (go  to  HZ)         Don^t  Know      3  (go  to  ^13)  { 
12.       What  is  the  name  of  the  society?  _  _  


J  ) 


13.       Arc  membership  dues  given  for  this  society  or  association? 

1  N<>      2(Gotoffl6)  (  ' 

H.        Do  the  membership  dues  Include  a  subscription  to  this  journal? 

Yes       1         No      2  (Co  to  fflC)        Don't  Know      3  (Co  to  U  IS)       (  ) 

15,  Membership  Dues: 

a.  Individual  (U.  S. )  $  ^  |  ' 

b.  Institvitional/Corporate       $^  :  J  J 

c.  Foreign  ^-  ^  ' 

16.  U  a  subscription  pricc^for  this  journ-il  given? 

Yea      I  No      2  (Co  to  ^18)  < 
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I 

,n,        Intllvi.hMl  (n..S\)  'I:   .  I  )  $  ,  ( 

b,  In'.l  iMi  li'Mi  il /Co  i  (Mi  r.t  ti*  i".              •  (  )  1*               .  T'  ( 

c.  I'or<-i}'.n  (una- IJ,  .S.  )  $  ^  'J(  i  $^"~       ,  ( 

Ifa,      Is  cO|>y  price  of  .i  i''J»>_>  !»:^!  ;;iv(.n? 

Yco       1  No       Z  (CJo  lo  f!ZO)  (  ) 

I'),      5>in|;lc  coi)*/  price  of  journal  ijMir:    $   ,        (  ) 

?,0.       Is  t!)0  price  uf  article  rr p rint »:  |;ivrn? 

Yes       1                            No       ?.  (Co  to  /V?.?.)  (  ) 

?.  1.  Sin{;lc  rcj^J  Int  price  '  $   {  ) 

2<^,      Number  of  ijiMic;  regularly  publl'Jiic-d  per  year;  (  ) 

(biwecldy  =  26,  Mo*ilhly-  )?.,  J.U: , .  ml  hly  =  06,  Ouarturly=  0-1. 

Write  "99"  if  U\\s  is  »-vn  *'\ viv:,^.u»''^  i"  p'.iblicMion  ii\  wliich  tUe  luirnl^cr  of 

Issues  varic:;  from  year  lo  yc.->  r,  } 

IJI,  Journal  Dc  f-c  ]  i  )lIon 

23,  Column i»  pc-r  i>."\!;u  of  text  (ci'/cle  one)         12        3        4  ^  ) 

24,  Number  of  Hues  per  full  p."X{ic  of  te>'l  (..  itliout  foo'iiotos)   (  ) 

25,  Number  of  ulirnacters  pur  fiiU  line  of  lc.\t  (»icross  all  colunuis)  on  one  p.'i^io 

26,  Number  of  lines  per  inch  of  tc:<t  {  )  ^ 

27,  Choose  tln  ee  isr.ues  at  random  from  l:* vohinu'  you  are  e-sarninin^;  {r.r.c 
instructions  for  liow  to  chQOSe  iscuct.).     f.-*  )  W'l  ite  e'o.vn  tlie  ■  :•  .\ 
the  number  of  r<    (.arch  Articles  for  dch  of  these  three  issues.    (i>)  Atfd  up 
the  total  numbOr  of  rc:wai'cli  arlicJus*    (c)  Divide  this  uumbc*r  by  3.. 

a.    First  i-jsue  II    ____     No.  of  articles  Notes 


Second  iysue  /*   No.  of  r. rliclcs 

Tliird  l5«uc  //  No,  of  articles 


b.    Total  number  o:*  articles  in  tliese  issues 


c.    Divide  Total  (b)  by  2  *    (  )   (  ) 

28,      Vi'hat  is  the  pa^^e  si:-.e  of  the  journal?    (Circle  calej;o.ry  which  b<';;t  approNiinat 
paj^c  si7,e.   U  nor.eof  tlie  printed  d  i  :;tc     lorir,  conies  witliin  a  lialf  inch  of 
actual  size,  circle         and  write  ii>  yojr  measurement.    Ignore  cover  .st/.e.  ) 

6x9.  .  .  1       7x10.  ,  .2       8x11. ,.  3       0>:12. .  ,  4      Other. . ,  5    ( 

29a.     Y/liai  type  of  paper  is  this  journal  puhlished  on? 

Glossy       1  Non-glot:sy      2  Don't  Kjicw  -3  (  ) 

29h.      Journal  forfiial  being  examined 

Bound"   1  Microform     2  Loose  Issues     3  (      )  • 

?.9c.      ILavc  rro:it  p.nd/or  b:ick  covcrn  bcr.ii  ren*'.:)vcd? 

Z^d,       llaa  ciny  or  rill  advcrlininj  been  rcr.ovcd? 

29c.       T>Te  or  J-c-rnal 

It  c : ;  c ; ' ,  r  c  h  /  a  c  a  d  ( n :  i  c  I 
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IV. 

30. 
31. 
32. 

33. 

34. 
35. 

36. 

37. 


38. 


39. 


40. 


41. 


I 


A\Ai  rovialiiHi  

Arlicli:  NuMil)r-i-  (cir.rli^ 

A  rl  iclc  i:).ilc: 

a.  MonlU  

c.  Volvmio   


(  ) 


(  )  b,    I';:;\ic  Number  ,(  ) 


TUlc  of  Arliclc: 


What  is  Ihc  loKil  iuiml)or  of  .'njUiora?   

Print  name  of  first  aullior  (lar.t  n.ime.  firJl  n.irnc,  rnicU!h:  luilirA) 


Print  firr>l  anll>or»s  title  (Professor.  Director  of  Rei;earcli.  etc.) 


Iiistilulional  affiliation  or  place  of  b.isincr..i  of  all  aulhoru: 

Affilialiuu  codes  of  all  authors  (circle  all  .H^pliovhle  at  the  time 
article  v/as  written) 


Federal  government  (U.S.) 

State  or  local  «;ovorn*mcnt  (IF.  S.  ) 

Educational  Institution  (U.S.) 

Other  non-profil  ini-Mtution  (U.S.) 

Indur.triAl/commercial  in-'^titut ioM  (U.S.) 

Foreign  ♦ 

Other  (specify)  


No  af^  tliatiotis  i^ivon 
Is  first  aull!or»s  (current)  address  ^iven? 

Yes       1  No      2  (Co  to  /rMO  ) 

First  autlior's  curvont  addrc-ss: 


1 

2 

4 

S 
6 

7 

6 


Department  or  division:  

Institution  or  place  of  businfss:^ 


Street  Ad  fires?:: 


City,  State,  '/.ip  Code,  CouMtry;_ 


J 


) 


I,  a  funiinj^_::ojn:c^_  identified  by  name  for  il.c  research  reported  in  this  article? 
YeB       1  No       2  (Co  to  /M2  )  ( 

Hov/  many  fur.djn:;  soureos  aro  identified?     12     3     4     5  or  Hiore  ( 

h     Circle  Ibo  funrlin,":  ':oi>rcr  co^:  for  each  fu:u!it>n  rouvcc.  u-inn  the 

follov/inr-  endo:    1 Fedc  i   1  c/>vr  vnr.U'Ul ,  Z-^vAiMr  or  loc^l  nov.Mnment, 
■3rindarl7i.il/co::irnorci:tl  or-.i^u/.ailon,       cdur.t  lion.vl  inr.ll'.r.t  i  on:; , 
5-otber  non-profit  in  s '  i  m!  ion      6-otl..M-  o  r  utikno-.vn. 


Fir.«;i  fun<Iii;;'.  rourcc 
Sccon*'^  fundi:.;'  rovivre 
Third  fundi nt^  ••.onrcr- 
Ton  I  (ll  fiM'.di  n;;  •?un  r»-  o 


1 
1 
I 
I 
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2 
*> 

u 

7. 


4 


5  6 

5  6 

s 

5  C 
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43. 


Is  a  ronf.rnct  or  /rr-T"^  nuniT>or  (cfi.  ,  NCT  21-025-006)  Wcnliflcd  for  the. 
research  ropurLcJ  in  this  Article? 


Yes 


No  2(C;olof44) 


( 


) 


Write  tho  contract  or  grnnt  numbers  which  arc  mcntlnncd,  and  code  the 
federal  fiituUng  sourco  by  referring  to  the  federal  aycncic.i  list  in  tlic  instruc- 
tions.   If  the  fnndini;  a;jcncy  is  not  federal,  use  the  code  number  9j9,  and  write 
ill  the  nan^c  of  the  agency  on  the  dotted  line. 


no. 
ho. 


)  Code 
)  Code 
)  Code 


44. 
45. 
46. 


Date  article  received-by  journal:  Moiith 
Total  number  of  pages  in  article  ^  


)  Year^ 
) 


Graph  ics  in  this  a rticle  and  in  non-article  portions  of  this  issue  (excluding 
advertising}^    Sec  instructions  for  definitions. 


a«  Line  Drawings 

b.  Tables 

c.  B/W  half  toacs 

d«  B/V/  continuous  tone 
e«  Color  photographs 
47. 


Graphics  in  this  Article 

no.  of             no.  of 

graphics  pa-ges 

(     )    .  (  ) 

Graphics  in  thijs  Issue 

no.  of            no.  of 

graphics  pages 

(   •  )    .  (  J 

(     )    .  (  ) 

)    •  (  ) 

(     )    .  (  ) 

t        1      •   (  5 

(     )    .  (  ) 

(        )    .  .    (  ) 

(     )    .  (  ) 

(        )      •    (  ) 

Total  number  of  pages  of  small  type  in  this  article  (footnotoSi  notes,  labels 

*  { 


48. 

49. 
50. 


51. 


for  graphics,   references  at  end  of  Jrticle,  etc.) 
Total  number  of  math  or  chemical  formula  inserts  in  this  article: 
Total  number  of  lines  of  math  or  chemical  formulas  in  this  article: 
Number  of  items  in  references/bibliography  section  of  article: 

a.  Total  number  of  items:   

b.  Journal  articles:   

c.  Technical  reports:   

Sample  journal  article  from  article's  bibliography: 
a.    Author{s)^  ^ 


( 


b.    Article  title 


C.  Journal  name 
d.    Volume  { 


)Issue 


)  Page 


)Ycar 


52. 


Pages  of  advertising  in  this  issue  (including  front  and  back  cover) 

a.  Black  and  white  advertising   

b.  Color  advertising   

c.  Total  pages  of  advertising  (a  +  b)   


53. 


Number  of  pages  in  this  is  sue  not  devoted  to  advertising  or  articles: 
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TKACKIN'C  SUia'i:V  ARTICI.:-:  INI'OIIMATION 

Article  And  U.s.i.   .  >.  V.  rrr  ir.-^  (If  ;in:iwo  r  dcos  not  IiAvc  a  |j£  tj^  conliniio  v/Lth 
next  question) 

Abb  vc  V  ia  t  i  o  n  

Article  Nunibcr  (circle)  12        3  (  ) 

Article  D.\tc; 

a.   Month   (  )         b.    Issue  Number   {  ) 

c.    Volume  (  )  d.    Pa^^o  (         )   e.    Year  (  ) 


Title  of  A  rticle  ; 


 .  (  > 

What  is  the  tot;3il  number  of  authors?    __   ) 

print  name  of  fi  rst  author  (last  n.inic,  first  name,  middle  initial) 


Print  first  author's  title  (Professor,  Director  of  Rcsea  rch,  etc,  )  * 


Institutional  affiliation  or  ph\ce  of  business  of  all  authors:  "  ^  ' 

a.    Affiliation  codes  of  all  authors  (circle  all  applicable  at  the  time  , 

article  was  written)  *  ;  *      \  •        •  .'i 

*•         •'  ,  ^  »    ■      .  ■•  -•  -  ■  »•> 
Federal  government  (U.S.)  1   '  ■  .     \^  "  ^/^jv 

State  or  local  ^^overnment  (U.S.)  ■       2  .         '  ^  ' -^..^ 

Kducational  Institution  (U.S.  )       *  -  ;  '^^J'^'^-C' 

.    Other  non-profit  institution  (U.  S. )  '  ■"--4.  {*  />  J."*^" 

Ihdustrial/commf;  rcir.l  insiitutibn  (U.S  J  ^      J  :- v.- 

Foreign                  ^  v  . '  -"'Vr*  •'.'*  '•■■ --T^ ' 

Other  (specify)  [  


7 


No  affiliations  [;iven  8     •  \..-^vI '•; 

Is  first  author's  (current)  address  given? 

Yes      1  No      2  (Co  to    64  ) 

First  author^s  current  address; 

Department  or  division:  ^  '  Y  • 


Institution  or  place  of  busine5s:_ 


) 


Street  Address:  (  ) 

City,  State,  Zip  Code,  Cour.try;_  


_(  ) 


I*  a  funclii-.p  source  identified  oy  name  .'or  the  research  leported  in  this  article? 
Yes       1  No      2  (Co  to  //  66  )  (  ) 

a.  How  many  funding  sources  are  identified?^  1     2     3     4     5  or  more  (  ) 

b.  Circle  the  funding  source  code  for  rach  funding  r>ouvcc,  using  the 
following  code:    l=Fcdowl  government,  2"  state  or  local  government, 
3=  indust  rial /comine  rc ir.l  o  :*;;ani:'.Ation,  •h-rdiicationAl  institutions, 
5=other  non-profit  ii.ciitulions,  6=o:hor  or  ur.I:nou'n. 

First  fundin;;  ccurce  12     3     4     5     6  (  ) 

Sccor.d  fur.diii;;^  rouice  1234C6  {  ) 

Third  fundiaj  .:uv:rce  1     2     3     4     5     6  {  '  ) 

Fourth  fundlr..;  source  12-456  (  } 
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67. 


u  contr;trt  or  i'v-nl  iniml.f  r  (c.  ,  NCT  21.025-006)  iucrvliflcd  for  the 
research  rcportcti  in  ilu3  article? 


No      2  (Co  to  i:(>^  ) 


) 


V/ritc  the  contract  or  grar.t  numbers  which  arc  monrioncd,  and  code  the 
federal  funding  source  hy  referring  to  tJic  federal  aijencies  li;;t  in  the  instruc-. 
tions.    If  the  fundin/j  agency  is  not  federal,  use  the  code  number  ^li  ^^nd  write 
in  the  name  of  tlae  ajency  on  the  dotted  line. 


no. 
no. 
no. 


)  Code 
)  Code 
>  Code 


) 


68. 
69. 
70, 


Date  article  received  by  journal:  Month 
Total  number  of  pages  in  article  ^  


( 


)  Year 
) 


Graphics  in  this  article  and  in  non-article  portions  of  this  Issue  (excluding 
advertising).    Sec  instructions  for  dcfiaition.s. 


a.  Line  Drawings 

b.  Tables 

€•  B/\V  half,  tones 
d«  B/W  continuous  tone 
«.  Color  photographs 
71. 


'Graphics  in  this  Article 

no,  of             no.  of 
graphics  pages 

(          )            (  ) 

Graphics  in  this  Issue 

no.  of            no,  of 

graphics  pages 

f     )      (  ) 

(          )            (  ) 

(     )      (  ) 

{          )            (  ) 

(     )      (  ) 

(          )            (  ) 

(     )  ('5 

(          )            (  ) 

(     )      (  ) 

72, 
73, 
74, 


Total  number  of  pages  of  small  tyoo  in  this  article  (footnotes,  notes,  labels 
for  graphics,  referciices  at  end  of  article,  etc.)  '  ( 

Total  number  of  math  or  chemical  formula  inser:s  in  this  article: 


75. 


Total  number  of  lines  o^math  or  chemical  formulas  in  this  articlc:^^  

Number  of  items  in  references/bibliography  section  of  article: 

&•    Total  number  of  items:  ^  ( 

b.    Journal  articles:  *  _ 

C.    Technical  reports: 

Sample  journal  article  from  article's  bibliography: 

a.    Autho  r(s)   


.( 


( 


b.    Article  title 


d. 


Journal  name 
Volum  e  ( 


}Issue 


( 


)Page 


.( 


)Ycar 


76, 


77. 


Pages  of  advertising  in  this  issue  (including  front  and  back  cover) 

a.  Black  and  white  advertising  ( 

b.  Color  advertising  ( 

c.  Total  pages  of  advertising  (a  +  b)  ( 
Number  of  pages  in  this  Issue  not  devoted  to  advertising  or  articles; 

_< 
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ncxl  qvicr.tion) 
70.  Abbi-cvu\tion__  

79.  Article  Nunibcr  (circle) 

80.  Aiticl<^  DaIc: 


84. 


( 


a.  Month 
c.  Volume 


b.  Issue  Nviinber 
d.  Page   


)    c.  Year 


81.      Vide  of  Article: 


WhAt  is  the  total  number  of  authors? 


83.      Print  name  of  first  author  (last  n.mc.  first  nan.c.  middle  initial) 
P.int  first  author's  title  (Profcsr.or,  Director  of  Research,  etc.  ) 


) 


J  ) 


85. 


86. 


Institutional  affiliation  or  place  of  business  of  all  authors: 

a.    Affiliation  codes  of  all  authors  (circle  all  applicable  at  the  time 
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V  FACTS,  IfJC,  -lOExecut.voBoi 

^  ^^^//       CENTER  FOR  QUANTITATIVE  SCIENCES 


levard,  Rockville.  Maryland  20352  (301)881- 


Dear  Colleague: 

The  Center  for  Quantitative  Sciences  of  Market  Facts,  Inc.,  Is 
investigating  journal  publishing  practices  and  use  between  1962  and  1974. 
This  is  part  of  a  larger  effort  to  study  the  economic  aspects  of  scientific 
and  technical  information  transfer.     Your  name  was  obtained  from  a  sample 
of  journal  articles  published  during  that  period.     In  order  to  estimate 
trends  in  journal  publishing  costs,  we  observed  a  number  of  physical  char- 
acteristics of  your  journal  article,  such  as  length,  number  of  graphs,  for- 
mulas, and  other  illustrations.     In  order  to  obtain  additional  information 
relevant  to  scientific  communication,  we  would  appreciate  a  few  moments  of 
your  time  to  help  us  with  the  supplementary  questions  printed  on  the  back 
of  this  letter. 

There  are  two  groups  of  questions.     The  first  applies  to  the  article 
which  you  wrote; 


The  second  group  of  questions  refers  to  an  article  i.nich  you  cited 
in  your  article: 


Please  check  your  answers  on  the  enclosed  post-paid  poG^:card.  Of 
course,   individual  responses  will  remain  confidential.     If  you  have  any  ques- 
tions, please  call  Dennis  McDonald  collect  at  (301)  881-6766. 


Thank  you  for  your  cooperation. 


Sincerely. 


Donald  W.  King 
Director 
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Vll.l      Revised  Author  Survey  Cover  Letter 


MARKET  FACTS,  IMC  : mo  J^Txecutive  Boulevard.  Rockvillo,  M.irylnnd  20852  (301) 881 -(3766 
CENTER  FOR  Q U A I^i "li T A T I V E  S C I C N C E S 


Dear  Colleague: 

The  Center  for  Quantitative  Sciences  is  studying  journal  publishing 
practices  and  use  between  1962  and  1974.     This  is  part  of  a  larger  effort  en- 
titled "Statistical  Indicators  of  Communication  of  Scientific  and  Technical 
Infonnatlon. " 

Your  name  was  obtained  from  a  sample  of  journal  articles  published 
during  that  period.     In  order  to  estimate  trends  in  journal  publishing,  we  ob- 
served a  number  of  characteristics  of  your  journal  article,  such  as  scientific 
field  of  publication,  extent  of  citation  to  and  from  the  article,  content  of 
the  article  and  so  on. 

In  order  to  obtain  additional  information  relevant  to  scientific 
communication,  we  would  appreciate  a  faw  moments  of  your  time  to  help  us  with 
the  supplementary  questions  printed  on  the  back  of  this  letter.    We  have  pur- 
posely kept  the  amount  of  information  to  a  bare  minimum  which  can  be  incorpor- 
ated as  parameters  in  a  mathematical  model. 

There  are  two  groups  of  questions.     The  first  applies  to  the  article 
which  you  wrote: 


The  second  group  of  questions  refers  to  an  article  which  you  cited 
in  your  article: 


Please  check  your  answers  on  the  enclosed  post-paid  postcard.  Of 
course,  individual  responses  will  remain  confidential.     If  you  have  any  ques- 
tions, please  call  Dennis  McDonald  collect  at  (301)  881-6766. 

If  you  would  like  a  reference  to  our  final  report,  please  so  indi- 
cate on  the  card.     Thank  you  for  your  cooperation. 

Sincerely, 


Donald  W.  King 
Director 
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(  KCtTK  I   CliCcV.  your  answero  on  t)io  <'ncl(TccU  por^t-j'^'l 'J  rt  turp.  i.uMcnrd.    All  ri  :.)..;n:;c.'.  r.rr  } 
ronridcnt  i.'  1.     If  you  have  ar:/  quvr^tior.:- »  c.U  !;c'rjj:i:i  McDonald  ^  collect.,        -RuJ  ..CVCo . 

1.  Kov  r.any  tires  vcs  year  crticle  returned  to  you  for  revisions,  if  at  all?  Cinscrt  appropiKcte 
nwbcr  on  ccu'd^  zero  if  nonn) 

2.  Kov  much  did  you  -  r  your  cr.ployer  pay  in  pace  charccs  or  special  fees  to  support  journal 
publication?     (Inccvt  nwrher^  zero  if  none) 

3.  Hov  nany  reprints  of  your  article  have  ycu  obtained  from  the  publisher?     (Insert  yjwnbcr, 
zero  if  none) 

i*.    Of  these  reprints,  for  how  nany  did  you  pay?     (Insert  nur'bcr^  zero  if  none) 
5.    Hov  many  reprint  requests  have  you  received  for  this  article?    (Insert  nunber,  zero  if  none) 


I    ABOUT  THF  Air.ICLE  .V.V;0/  i'OV  CI^KD  \ 

6.    When  you  first  beccr.Q  ci^are  of  this  article,  vere  you  (circle  appropriate  response  on  card) 

1.  Doinc  a  literature  search  for  infor-aticr.  on  the  article's  topic  or  a  related  topic 

2.  Kot  doinc  a  literature  search  for  info:T-ation  on  the  article's  topic  or  a  related 

topic 

3.  Don '  t  rer.exber 

7.,    To  be  more  specific  about  the  narner  in  which  ycu  first  becar.e  avare  of  this  article,  circle 
the  appropriate  response  on  the  card  for  the  way  in  vhich  you  first  found  out  about  it: 
(Circle  response  an  cai'd) 

1.  Discovered  while  reading  irj  oim  copy  8,    I  vcs  referred  to  this  m^ticle  by  a 
of  the  Journal  issue  in  which  it  colleague  ov  co-uorker. 

appeared.  9,    I  found  it  referred  to  in  another  article^ 

2.  Discovered  while  reading  a  library  bookj  cr  report* 

copy  of  the  Journal  issue    in  which  10.    Found  in  a  search  of  printed  indexes  or 

it  appeared.  catalogs  durinc  the  coarse  of  a  literature 

3.  Discovered  vhile  reading  a  colleague's  search. 

or  office  copy  of  the  Journal  issue.  11.    Found  in  the  output  of  a  ccrxfuterized 

U.    I  received  a  preprint  of  this  article  literctu2'e  search  of  an  autoliated  retrieval 

fron  the  authcrj  prior  to  its  being  systen. 

published.               ^  12.    Four.d  in  a  cui^ent  auarencas  list^  or  a 

5.  I  obtained  a  preprint  of  this  article  selective  dissemination  of  inforr,ation  list 
rroa  a  collea^^ue  or  co-vor/.er.  (SDl). 

6.  I  received  a  reprint  of  this  article  12.    Don't  rer.er.ber. 

vlthout  havins  requested  it.  lU ,    Other  {please  describe  cm  card) 
7-    I  received  a  reprint  of  this  article 
from  a  colleague  or  co-vorker. 

8.    Hov  did  you  obtain  physical  access  to  this  article  so  that  you  could  actually  read  it? 
(Circle  response  on  card) 

1.  Iff  aiyn  issue  of  this  Jcur::al.  8.    A  reprint  of  this  article  obtiiined  frcn  a 

2.  A  library's  issue  of  this  jo'jrnol  colleague  or  office  collection. 

(loose  issue  or  baicr^  volic'.^,).  9.    A  preprint  of  this  article  obtained  fron  the 
3«    A  library's  rr.icrofilr:/mic2^oficne  author. 

issue  of  this  journal.  10.    A  preprint  of  this  article  obtained  from  a 
l*.    a  colleague' 3  or  office  copy  of  colleague  or  office  collection. 

this  Journal.  ^        ^  11.-  k  photocopy  (or  Xerox  copy)  obtained  frosi  a 

5.  An  office  micro filrr./rrrlcvofichc  copy  colleag^.iC  or  office  collection. 

of  this  journal.  12.    I  didn't  have  physical  access  to  this  article 

6.  A  reprint  of  this  article  obtained  or  I  was  able  to  read  only  an  abstract  or 
froa  the  jcurn^il  p'-blisher.  summary. 

7.  A  reprint  of  this  article  obtained  13.    Dcn't  reiier.ber. 

from  the  author.  1^4.    Other  {please  describe  on  card). 

9.    At  any  time  did  you  riake  a  copy  of  this  article  fcr  yc^irself?  (circle  response  cn  card) 

1.  No  copy  obtained. 

2.  Photocopy  {y.crcx  copy)  rr^de. 
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3.     Copy  rade  frcn  nic.*-ori Ir.  rcf-icr-print er .  r-.  ^  i 
Other  {please  describe  on  card).  ^  ' 
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VIII. 1       Report  Literature 


This  experiment  at'tenpted  to  track  the  report  literature  generated 
from  research  projects  registered  with  the  Smithsonian  Science  Information 
Exchange  (SSIE) . 

A  sample  of  approximately  50  research  projects  In  each  of  the  nine 
NCP  fields  of  science  in  each  of  the  four  fiscal  years  1966,  1968,  1970  and 
1972  was  drawn  from  the  SSIE  historical  files.    These  projects  were  then  used 
to  search  the  NTIS  file  for  reports  generated  as  a  result  of  the  research. 
The  data  obtamed  and  the  problems  encountered  are  discussed  below, 

VIII. 2        SSIE  System 

The  basic  record  in  the  SSIE  System  is  a  single  page  Notice  of 
Research  Project  (NRP)  ,  which  contains  essential  information  about  individual 
projects.     Following  is  a  list  of  the  essential  data  elements  which  can  be 
foimr'  on  the  ^^RP. 

#  Supporting  organization 
m  Grant  or  contract  number 

e  Performing  organization  name  and  address 

•  Name,  department  and  specialty  of  the  principal  investigator 

#  Names  of  co-investigators 

•  Project  title 

«  Period  covered  by  the  NKP 

0  Funding  level 

m  In  most  cases,  a  200-word  technical  description  of  the  project 

VIII.3        Sample  Selection  From.  SSIE 

A- two-stage  sampling  procedure  was  necessary  to  obtain  data  on  the 
approximately  1800  projects  C50  contracts  in  nine  fields  for  four  years  from 
SSIE). 
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In  the  first  stage,  SSIE  ran  searches  of  the  P!  1966,  1968,  197  ■ 
and  1972  files.     For  each  year,  four  searches  were  run,  by  combining  two  or 
three  NSF  fields  of  science  In  each  sicarch.     The  resulting  listing  contained 
approximately  1,000  research  contracts  for  each  search.    The  listing  identl-- 
fled  the  scientific  field  of  each  entry.     The  combination  of  fields  -^nre 
selected  so  that  there  would  be  a  minimum  of  chance  of  pigking  up  two  docu- 
ments indexed  under  boLli  fields. 

From  these  listings,  approximately  50  items  were  randomly  selected 
per  field.     For  those  contract  numbers  to  be  included  in  L!ie  sample  (1811), 
an  effort  to  obtain  a  copy  of  the  SSIE's  NRP  for  each  contract  number  was 
made. 

VIII. 3,1    Problems  Encountered 

The  first  problem  encountered  was  that  in  searching  SSIE^s  files 
some  of  the  NRPs  could  not  be  found  and  others  that  were  found  were  not  legi- 
ble; a  total  of  139  NRPs  fell  into  this  category.     Removing  these  139  con- 
tracts from  the  sample  meant  an  eight  percent  reduction  in  our  sample  size 
(the  original  sample  included  1811>  the  revised  sample  included  1672). 

The  second  problem  encountered  was  that  for  the  1672  NRPs  that  were 
located  in  SSIE  files  not  all  of  the  essential  information  was  included;  e.g., 
there  were  missing  contract  numbers >  project  titles,  funding,   time  period 
covered,  etc.     According  to  the  SSIE  pamphlet  entitled  Research  Information 
Services ,   this  essential  information  '^is  recorded  as  it  is  provided  by 
supporting  organizations**  (131).  Since  this  data  is  provided  on  a  voluntary 
basis  and  SSIE  does  not  verify  each  data  element,  errors  in  data  and  omissions 
of  data  were  found  to  exist. 

With  respect  to  this  portion  of  the  study,   the  rr.o<it  essential  informa- 
tion needed  was  the  contract   number.     The  NRP  does  not  have  a  place  on  the  form 
entitled  '^Contract  Number**.     There  is  a  block  entitled  "Agency  Number"  which 
was  supposed  to  be  used  as  the  contract  number  block;  however,  most  often 
this  block  did  contain  some  sort  of  av;ency  number  rather  than  a  contract  number. 
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If  SSIE  had  verified  this  one  data  element  alone  (contract  number), 
the  task  of  tracing  a  project  from  SSIE  to  NTIS  would  have  been  much  easier 
and  the  data  obtained  much  more  reliable. 

VIII. A        NTIS  Search 

The  data  from  the  16    :  NRPs  was  then  recorded  on  coding  forms,  key- 
punched, and  a  master  printout  made  to  facilitate  the  search  of  the  NTIS  files. 

VIII. A. 1    Contract  Number  Search 

It  was  clear  that  the  most  efficient  and  accurate  search  would  be 
.by  contract  number,  as  opposed  to  an  author  or  subject  search.     By  searching 
by  contract  number,  we  felt  we  could  obtain  the  total  number  of  reports 
generated  by  each  contract  and  the  dates  these  reports  were  received  by  NTIS. 
However,  due  to  the  following  problems  this  procedure  did  not  provide  the  re- 
sults expected. 

VIII. 4. 1.1  Project  Exclusions  From  Sample 

Approximately  58  percent  of  the  sample  projects  had  to  be  excluded 
from  the  contract  number  search  for  one  of  the  following  reasons. 

1.     No  contract  number  Vi.-    ;;iven  for  project  on  NRP. 
If  contract  number  *^a.^  given,  it  was  not  reliable. 
I.e.,  number  was  missi..j,  a  suffix,  prefix  or  was 
other  than  a  true  contract  number  (approximately 
43  percent  of  total  sample). 

2c     Both  OTIS  and  the  Agriculture  Department  fc;lt  that 
contracts  thaL  were  non-Federal  or  Agricultural 
would  be  unlikely  to  appear  in  the  NTIS  listings; 
therefore,   these  were  excluded  from  sample 
(approximately  15  percent  of  total  sample). 

As  a  result  of  these  contract  number  problems  the  sample  was  re- 
duced from  1672  to  708  projects.     These  708  contract  numbers  represented  num- 
bers thought  to  be  accurate  and  complete.     However,  another  stipulation  upon 
searching  the  NTIS  files  was  that  contract  numbers  had  to  liave  all  spaces, 
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hyphens,  etc.,  in  the  correct  place,  or  NTIS  could  not  make  a  match.  There- 
fore, the  contract  numbers  were  searched  for  manually  by  Market  Facts  per- 
sonnel, in  an  effort  to  look  up  each  contract  number  in  a  variety  of  formats 
(with  or  without  dashes,  suffixes,  etcO^     Of  the  708  contract  numbers,  21 
percent  (150)  produced  related  report  inf ormation.     Though  this  number  seems 
low,  it  is  higher  than  could  have  been  expected  from  an  NTIS  automated  search, 
because  of  the  matching  problem. 

Therefore,  of  our  representative  sample  of  1672  projects,  only  nine 
percent  of  this  sample  produced  reports  located  in  !TTIS  holdings.    A  more  de- 
tailed analysis  and  the  results  of  the  contract  number  search  appears  in  a 
later  portion  of  this  section. 

VIII. 4. 2    Author  Search 

Having  obtained  such  a  low  response  to  the  contract  number  search 
(mainly  due  to  excluding  58  percent  of  sample)  a  search  by  principal  investi- 
gator  and  other  co-investigators  was  undertaken    in  order  to  see  if  better 
results  could  be  obtained •     This  task  required  Market  Facts  personnel  to 
inan-»ially  search  through  each  volume  of  the  Governrr.ent  Reports  Index  (GRI)  , 
Personal  Author  Index  (56)   for  the  years  1966  through  1974  inclusive,  by 
Individual  author/ co-authors. 

VIII. 4. 2.1  Problems  Encountered 

From  the  initiation  of  this  task,  it  was  known  that  it  would  be 
difficult  to  match  the  titles  of  p-v;:^?.ts  given  on  the  SSIEs  NRPs  to  report 
titles  referenced  on  the  GRI.     Th.    \\.rst  difficulty  was  that  the  Personal 
Author  Index  of  the  GRI  did  not  relate  report  titles  to  contract  numbers; 
therefore,   there  was  no  reliable  v  .y  to  verify  GRI  titles  with  the  sainnle 
project  titles  on  the  NRP*     Secondly,   the  NRP  project  titles  were  most  often 
general  in  scope,  which  made  it  difficult  to  match  titles.     Thirdly,  since 
contract  numbers  were  not  available  in  the  author  index,  and  since  authors 
tend  to  work  in  the  same  or  related  scientific  areas,  it  was  impossible  to 


Hereafter  referred  ^.         author  search. 
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know  if  a  report  appearing  in  the  1974  GRI  which  had  a  similar  title  to  the 
project  on  the  1966  or  any  year  NRP,  was  in  fact  a  result  of  that  NRP  project 
or  another  project  not  in  a  sample  on  which  the  author  had  participated. 
Fourth,  since  the  length  of  the  contract  and  funding  were  often  omitted  from 
the  NRP,  it  was  also  impossible  to  know  if  a  report  written  three,  five,  or 
even  eight  years  after  the  project  was  initiated  could  realistically  pertain 
to  that  project. 

Therefore,  the  results  of  this  search,  which  are  presented  shortly, 
are  most  likely  an  overestimate  of  the  true  probability  of  locating  a  project 
In  NTIS ,  due  to  the  problems  just  mentioned. 

VIII. 5        NTIS  Search 

VIII. 5.1    Contract  Number  Search  -  Results 

-VIII*5.1.1  Number  of  Contract  Numbers  Found 

A  search  by  contract  number  of  the  NTIS  holdings  was  the  first  search 
to  be  run.     Certain  contracts  were  excluded  in  the  search  (58  percent  of  sample) 
for  the  reasons  cited  earlier.     The  remaining  42  percent  (708  contracts)  were 
Included  in  the  search  with  the  following  results. 

Table  VIII. 1  presents,  by  scientific  field,  the  percent  of  projects 
searched  for  and  percent  of  projects  found  in  NTIS.     Of  the  708  contracts 
searched  for  in  NTIS  holdings,  150  contracts  were  found  or  21  percent  of  those 
projects  searched  for  were  found.     These  150  contracts  constitute  only  nine 
percent  of  the  total  contracts  in  the  sample  (1667), 

Fields  1,  2,  and  3  (Physical  Sciences,  Mathematics  and  Computer 
Sciences  respectively)  contained  the  greatest  percent  of  projects  which  had 
contract  numbers  which  could  be  searched  for:     from  55  percent  to  60  percent 
of  these  projects  had  full,  legible.  Federal,  non-Agriculture  contract  num- 
bers*    Fields  6  and  8  (Life  Science  and  Social  Science)  had  the  lowest  percent 
of  projects  with  appropriate  contract  number  data  (24%  and  29%). 


A56 

ERIC  548 


Table  VIII. 1:    CONTR^.o!  NUMBER  SEARCH:  PERCENT  OF 
CONTRACTS  FOUND,  BY  FIELD  OF  SCIENCE 


Field  of  Science 

Totfll  Number 
of  Contrncts 
In  Sample 

Total  Number 
of  Contracts 
Inclndcd  In 
Scardi 

Contracts 
included  as 
Percent  of 
Total 
il) 

Total  Nunber 
of  Contracts 

Found 

Contract 
Found  as 
■  Percent  of 
Total  Sample 

(^) 

Contracts  Found  as 
Percent  of  Contracts 
Included  In  Search 
(2) 

Physical  Sciences 

188 

112 

60 

29 

15 

25 

Mathcmotlcs 

196 

112 

57 

32 

16 

29 

Computer  Sciences 

19') 

107 

55 

27 

14 

25 

Envlrcnincntnl  Sciences 

72 

39 

20 

11 

28 

Engineering 

185 

75 

41 

14 

8 

19 

Life  Sciences 

187 

4} 

24 

6 

J 

13 

PayclHiloBy 

193 

57 

35 

4 

2 

6 

Social  Sciences 

200 

■  58 

29 

9 

J 

16 

Other  Sciences 

60 

42 

9 

6 

15 

Mean 

186 

79 

42 

17 

9 

21 

SDIlRCEi  Docufncnt  Tracking  Study,  Market  Facts,  Inc^,  Center  for  Quantitative  Sclcncea. 
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Fields  1,  ?j  3  ond  A  (Field  A  being  Environmental  Sciences)  pro- 
duced the  best  r. suits  with  respect  to  contract  numbers  found:     from  25  per- 
cent to  29  percent  of  these  contracts  were  found.     Field  7  (Psychology)  pro- 
duced the  weakest  response:     only  six  percent  of  these  contract  numbers  were 
found  that  v.'sre  searched  for.     Fields  5,  6,  8  and  9  had  percents  ranging 
from  13  percent  to  19  percent  for  contracts  found.     The  overall  average  of 
contracts  found  v^as  21  percent. 


VIII.5.1.2    Number  of  Reports  Found 

During  the  Contract  Number  Search,  it  was  discovered  that  three 
contracts  (affecting  four  projects  in  Field  1  and  one  project  in  Field  5) 
generated  between  1,100  to  2,900  reports  each.     A  query  to  NTIS  concerning 
thes6  large  numbers  of  reports  and  meager  funding  allocation  per  contract  re- 
sulted in  NTIS  forwarding  to  our  office  a  list  of  contract  numbers  which  were 
to  be  considered  as  general  use  contracts,  and  should  be  deleted  from  the 
sample.     Therefore,  since  these  three  contracts  appeared  on  the  NTIS  List, 
they  were  deleted  from  our  tabulations  concerning  "Numbers  of  Reports  Found" 
in  order  to  arrive  at  a  more  accurate  and  meaningful  analysis. 

Table  VTII.2  contains  the  results  of  the  Reports  Found  analysis. 
The  mean  number  of  reports  found  per  field  ivas  282.3  (Range:  6S-757),  with 
an  average  of  18. A  (Range:   7.5-35.8)   reports  found  per  contract.     Fields  2 
and  3  had  the  largest  overall  number  of  reports  found  (757  and  619  respectively). 
However,  Field  6  and  9,  with  only  215  and  232  reports  found,  had  the  highest  . 
number  of  reports  found  per  project  found  (35.8  and  25.8  respectively)  with 
Field  2  and  3  following,  having  had  23.6  and  22.9  reports  found  per  project 
found. 

The  range  for  the  number  of  reports  found  per  contract  number  is 
Included  in  Table  VIII. 3. 
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Table  VIII.  2:      NTIS  CONTRACT  NL'MBER  SEARCH: 

NUMBER  OF  REPORTS  FOUND 


Field  of  Science 

Total 
Number  of 

Contracts 
In  Sample 

Number  of 
Contracts 
Found 

Number  of 
Reports 
Found 

Number  of 
Reports  per 
Contract 
Found 

Physical  Sciences  .... 

184 

25 

187 

7.5 

196 

32 

757 

23.6 

Computer  Sciences  .... 

195 

27 

619 

22.9 

Environmental  Sciences 

184 

20 

260 

13,0 

184 

13 

121 

9.3 

187 

6 

215 

35.8 

193 

4 

82 

20.5 

200 

9 

68 

7.6 

144 

9 

232 

25.8 

Total 

1,667 

145 

2,541 

Mean  per  field 

185.2 

16.1 

282.3 

18.4 

Median 

187 

13 

215 

20.5 

SOURCE:     Document  Tracking  Study,  Market  Facts,  Inc.,  Center  for  Quantitative 
Sciences. 
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Table 

VIII. 3:  RANGE 

FOR 

NUMHER  OF 

IfEPORTS  FOUND  PER  CONTRACT  NUrfT.F.R 
Field  Number 

1 

1-A6  1- 

2 

-277 

3 

1-277 

4          5            6          7  8 

1-185      1-36      1-112.     1-74  1-55 

9 

1-135 

VIII. 5. 1.3    Number  of  Reports  Found  By  Year 

The  contract  number  search  by  year  produced  the  total  nunber  of 
reports  that  were  generated  subsequent  to  the  year  the  contract  was  awarded. 
Therefore,  total  numbers  of  reports  for  1966  projects  include  all  those  re- 
ports generated  during  1966  through  1974;  1968  projects  include  reports 
generated  1968  through  197A;  and  so  on.     An  expectation  was  that  1966  pro- 
jects would  yield  the  greatest  number  of  reports  and  also  the  greatest  ratio 
of  reports  per  project;  1968  woulc^  yield  the  next  greatest  totals,  etc.  How- 
ever, due  to  the  following  factors  this  expectation  was  not  fulfilled. 

a.  There  has  been  a    strong    tendency  in  recent  years  for 
the  U.S.  Government  to  require  the  registering  of  docu- 
ments at  NTIS  in  recent  years.     Thus^  greater  numbers 
of  reports  and  projects  could  be  expc^cted  to  appear  in 
later  years. 

b.  Also>  more  contractors  are  submitting  project  reports 
to  NTIS  voluntarily  in  recent  years. 

c.  As  previously  stated,  because  of  the  illegibility  or 
lack  of  contract  numbers  on  certain  projects  or  the 
probability  that  a  certain  group  (agriculture)  of 
contract  nuipbers  were  not  usually  included  in  NTIS 
holdings,  certain  projects  could  not  even  be  in- 
cluded in  the  search  (about  58  percent  of  projects 
were  excluded)*     An  assumption  v/as  made  that  the 
remaining  A2  percent  of  the  contract  numbers  were 
valid  and  complete,  since  it  was  difficult  to  ascer- 
tain whether  a  contract  number  was,  in  fact,  complete' 
and  accurate.     Contract  numbers  that  were  obviously 
missing  prefixes  or  suffixes  wore  deleted  if  pre- 
fixes could  not  be  added.     Some  partial  contract 
numbers  may  have  been  searched  for  since  we  were 

not  aware  of  the  fact  that  they  were  incomplete. 
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Table  VIII. 4  presents  the  results  of  the  search  by  year.     Column  1 
presents  the  number  of  projects  in  the  sample;  Column  2,  the  number  of  projects 
searched;  Column  3,  the  number  of  projects  found;  Column  4,  the  number  of  re- 
ports found;  Column  5,   the  percent  of  projects  found  (Column  3  f  Column  1); 
Column  6,  the  number  of  reports  found  per  project  found  (Column  4  -f  Column  3). 

The  average  number  of  reports  found  per  year  was  610.5,  the  range  by 
year  was  234  (for  1966  contracts)  to  1254  (for  1968  contracts).    The  average 
number  of  reports  found  per  project  was  16.3;  ranging  from  7.3  (for  1966  and 
1970  projects)   to  28.5  (for  1968  projects).     However,  as  can  be  seen  below  on 
Table  VIII. 5,   the  individual  range  per  field  for  the  four  sample  years  varied 
even  more. 

Table  VIII.  5:      RANGE  FOR  MMBER  OF  REPORTS  FOUND  PER  YEAR 


Year  of 
Contract  Award 

Range  of  Number  of  Reports  Found 
Per  Contract  Number  (Project) 

1966 

1-67 

1968 

1  -  277  • 

197.0 

1-74 

1972 

1  -  185 

As  can  be  seen  from  the  range  data>  on  an  individual  contract  number 
basis,  as  many  as  277  reports  were  found  associated  with  one  contract  number; 
this  finding  was  not  rare  and,   therefore,   these  numbers  of  reports  cannot  be 
discarded  as  unusual  or  as  non-representative  of  the  number  of  reports  that 
are  generated  as  a  result  of  a  contract  avard.     As  was  to  be  expected,  the  mode 
was  one   (1)   for  the  number  of  reports  found  for  each  contract  number. 

From  the  Contract  Number  Se^^.rch;   it  was  not  possible  to  identify  the 
time  lapse  from  initiation  of  contract        appearance  of  first  report  in  NTIS, 
since  this  data  was  not  recorded  in  the  NTIS  Contract  Number  Listing  as  such. 
The  NTIS  Contract  File  consisted  of  cont-ract  numbers  with  the  number  of  reports 
listed  after  the  appropriate  contract  numbers.     The  time  lapse  information  Is 
contained  in  the  Author  Search  section  of  this  Chapter. 
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Table  VIII. 4:     CONTRACT  NUMBER  SEARCH:    REPORTS  FOUND,  BY  YEAR  OF  PROJECT 


1 

2 

3 

4 

5 

6 

Year 

Total  lliimbcr 
of  Projects 
In  Sample 

Number  of 

Projects 

Searched 

Number  of 
Projects 
Found 

Number  of 
Report!! 
Found 

Percentage  of 
Projects  Found  to 
Number  In  Sample 

{X) 

Number 
of  Reports 

Found  Per 
Project  Found 

1966   

408 

162 

32 

234 

7.8 

7.3 

1968   

398 

190 

1,254 

n.o 

28.5 

1970   

A27 

178 

40 

292 

9.4 

7.3 

1972   

178 

34 

662 

7.8 

19.5 

Total   

1,667 

708 

150 

2»442 

Mcnn  Per  Year    .  .  . 

416.8 

177.0 

37.5 

610.3 

9.0 

16.3 

Median  Per  Yecr    .  . 

417.5 

178.0 

37.0 

477  .0 

8.6 

13.4 

SOURCE:   Do<:umcnt  Tracking  Study,  Market  Facts,  Inc.,  Center  for  Quantltntivi  Sciences. 
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It  was  apparent  from  the  Contract  Number  Search/Year  Data  (Table  \riII-A) 
that  it  can  be  expected  that  nine  percent  of  contracts  awarded  will  have  docu- 
mentation appearing  in  NTIS,     This  percent  is     on  the  lower  side  of  the 
spectrum  in  that  it  takes  into  account  the  circumstances  that  prevailed  on  our 
sample  of  data,  i.e.,  illegible  or  no  contract  numbers  to  search  for,  which 
automatically  eliminated  projects  from  search  process, 

A  more  optimistic  outlook  is  that  21,2  percent  of  the  projects  were 
found  out  of  those  contract  numbers  that  could  be  included  in  the  search  (42 
percent  of  the  total  sample  was  included  in  search).     Therefore,  it  should 
expected  that  approximately  21  percent  of  Feder  1  contracts  initiated  (exclud- 
ing agriculture)  will  generate  reports  appearing  in  NTIS- 

V1II,5,2  Author  Search  -  Results 


As  discussed  previously,  an  author  search  was  conducted  by  a  manual 
search  of  the  GRI  for  the  years  1966  through  1974  inclusive.     Following  are 
the  results  of  that  search. 

Of  the  1667  sample  projects,  431  were  located  by  the  author  search, 
or  26  percent  of  the  sample.     These  431  projects  produced  928  reports  or  2.2 
reports  per  project.     Table  VIII. 6  includes  the  number  of  reports  per  project 
for  each  field. 


Table 

VIII.  6:      NUMIBER  OF  REPORTS  PER  PROJECT 
  Field  

1 

2         3         A         5         6         7  8 

9  Mean 

Reports/ 
Proj  ect 

2.6 

2.2      2.6      1.9      2.0      2.1      1.9  1.6 

1.6  2.2 

VIII. 5. 2.1 

Field 

Analysis 

By  the  nine  fields,   there  was  an  average  of  103.1  reports  found 
per  fielc,   the  range  being  42  -  194.     Again,  fields  1,  2  and  3  produced  the 
greatest  numbers  of  reports:     166,   153  and  194  respectively.     Fields  7,  8 
and  9  had  the  lowest  numbers  of  reports:     42,  50  and  46  respectively. 
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Tabic  VIII. 7  relates  the  sample  years  with  the  total  number  of  reports 
subsequent  to  the  year  the  project  was  initiated. 

Table  VIII. 7:       TOTAL  NIMBER  OF  REPORTS  FOUND  AFTER  CONTRACT  INITIATED 


Total  Number  of  Reports 

Year  Project 

From  Year  Project 

Initiated 

Initiated  Through  1974 

1966 

242 

1968 

285 

IS  7.0 

194 

1972 

207 

From  Table  VIII. 7,  it  is  apparent  that  the        -^1  number  of  reports 
is  slightly  greater  for  the  earlier  years  than  for  iter  years.     This  was 

to  be  expected  since  a  project  initiated  in  1966  had  eight  years  in  which  to 
produce  related  reports,  while  a  project  in  1972  only  had  a  two-year  time  span; 
thus  the  total  number  of  reports  are  lower  for  a  1972  project  than  a  1966 
project.     The  reduction  in  the  reports  from  year-to-year  is  not  as  great  as 
anticipated;  however,   this  can  probably  be  explained  by  the  increase  in  NTIS 
coverage  in  recent  years.     Also,   the  Federal  Government  is  requesting  that 
more  government  contracts  submit  reports  to  NTIS. 

VIII. 5. 2. 2  Time  Lapse 

An  analysis  of  the  time  lapse  from  initiation  of  contract/grant  to 
appearance  of  first  report  in  NTIS  was  attempted.     This  analysis  did  produce 
one  meaningful  result  —  the  number  of  projects  and  reports  in  a  three-year 
span  after  initiation  of  contract  increased  significantly  for  each  of  the 
sample  years.     See  Table  VIII. 8. 
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Table  VIII.  8:      PROJECTS  FOUND  WITHIN'  THREE  YE.\RS  AFTER  INITIATION  OF  CONTRACT 


Year  Project 
Iniated 

Total  Number  of  Projects 
Found  From  Initiation  of 
Proiect  Throuzh  Year  Soan 

Total  Number  of 
Projects  in 
Samole 

1966 

40 

408 

1968 

73 

398 

1970 

83 

427 

1972 

116 

434 

312 

1667 

This  increase  from  year  to  year  may  be  explained  by  one  or  both  of 
the  following  reasons:     (1)  NTIS  has  been  expanding  its  coverage  to  include 
additional  agencies  each  year;   (2)  the  Federal  Government  is  encouraging  that 
contractors  submit  reports  to  NTIS,  thereby  increasing  coverage  in  NTIS.  Thus, 
it  can  be  expected  that  a  proje  t  from  a  more  current  year  will  have  a  better 
chance  of  being  located  the  i  an  e  :lier  project. 

VII 1 .  6      Compar  '  ::;u[i  of  Results  Tron  Contract  Number  Search  and  Author  Search 

Fron  Figure  VIII.  1,  it  can  be  seen  that  more  contracts  were  found  by 
the  Author  S^z  rch  the  :  by  the  Contract  Search.     This  can  be  explained  by  two 
factors.     The  Contra:_t  Search  only  included  42  percent  of  the  sample  while  the 
Author  Search  included  close  to  100  percent  of  the  sample.     Therefore,  the 
Contract  Number  Search  should  be  considered  as  a  low  estimate.  Furthermore, 
contracts  were  «  'nsidered  as  found  under  the  Author  Search  if  the  title  in  the 
GRI  closely  resembled  the  title  on  the  NRP.     However,  often  the  NRP  title  was 
too  general  to  allow  exclusion  of  a  specific  GRI  title  that  referred  to  the 
same  subject.     For  this  reason  the  author  search  numbers  could  be  considered 
as  a  high  estimate.     On  the  other  hand,  a  corporate  author  or  agency  search 
was  not  conducted  since  it  was  kno'^Ti  that  additional  problems  would  arise: 
such  as  whether  corporate  authors  were  those  listed  as  such  on  NRP,  or  whether 
the  report  came  out   issued  under  a  subcontractor  or  the  funding  agency.  Such 
a  search  would  have  provided  additional  contracts  found  which  were  referenced 
by  corporate/agency  author  and  not  by  personal  author.     Thus,  the  author  search 
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could  also  be  considered  a  low  estimate  since  this  additional  corporate  search 
could  not  be  conducted. 

ricure  VIII.  1      PERCENT  OF  CONTll.\CTS  FOU!rD  IN  NTIS  BY  AUTHOR  ^ND  BY  CONTR^VCT 

NUMBER  SEARCH 
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1.6.1    N unbar  o_f_R£ll£I^f_X9HiA 

The  total  number  of  reports  found  by  Author  and  Contract  Search  for 
,  field  arc  presented  in  Figure  VTTI.2.     The  con-ract  number  search  is 
idered  to  present  the  rr.ost  reliable  data,  since  this  search  included  all 
rts  pertaining  to  a  specific  contract.     The  author  search  only  tracked 
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dovm  -J-.s      reports  which  include  those  author:.-  listed  on  the  MRP,  thus  ex- 
cluding; reports  chat  came  out  under  a  corporate  author  or  an  author  not  listed 
on  NRP. 

Figure  NUbfERR  OF  REPORTS  FOL-^iD  IN'  VrHS  BY  AUTHOR  AtlD  CONTRACT  SEARCH 


Author  Search 

Contract  Number 
Search 


FIELD  OF  SCIV:-ZZ 


VIII.  6.2    MnTr:bt-;r  of  Raports  Per  Crr.tra^t 


Figure     VIII.  3  shov.-s  t.he  co;nparison  of  nur->ber  of  reports  per  contract 
for  the  author  and  contract  nurr.bor  search.     Again,  the  contract  nu~bci  Jata 
was  considered  to  be  the  most  reliable  for  the  same  reasons  stated  earlier. 
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Figure  VIII.  3      mAm'.K  OF  RFPORTS  rOUHD  IN  NTtS  PKR  CONTF^ACT  NU:-1I1RR  BY  AUTHOR 
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VII 1.6.3    Individual  Field 

Froti'  Fisuros  VIII.  1,  '^TTI.2  and  VIII.  3  it  is  evident  Lhat  fields  1, 
2  ?.  id  3  had  the  highicst  nu;?.bor  of  contrac'cs  found  by  cither  search;  the  high- 
est total  nunbcr  of  reports  foutid;  and  the  highest  number  of  reports  per  con- 
tr  ict  found. 

Therefore,   it   is     oncludcd  that,  work  performed  relatiuc  to  a  project 
pertaining  r.o  one  of  these  three  fields  .(Physical  Sciences    Mather.atics  or 
Computer  ScLencc:s)   h.as  a  p-eater  chance  of  roGultinc  in  a  -cport  forir.at  -.f^.-^ 
being  suhiT^.ittrd  to  ::TIS  than  work  done  in  th.-  other  fields. 
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VIII. 7  Conclusion. 


It  was  fou  1  that  due  to  increased  NTIS  coverage  and  the  Government's 
requesting  contractor  to  submit  reports  to  NTIS,  reports  from  contracts  let  ia 
most  recent  years  have  a  better  chance  of  being  located  in  the  NTIS  holdings, 

VIII ,8  Recommendations 

One  strong  defect  in  the  SSIE's  process  became  evident  immediately 
and  hindered  obtaining  accurate  r_ suits  through  this  phase  of  the  study.  This 
flaw  is  that  SSIE  does  not  require  agencies  or  corporations  to  submit  complete 
and  accurate  information  pertii-.^nt  to  contracts  to  be  recorded  on  the  NRP. 
SSIE  dr    .  not  require  this  presently  becau  information  is  provided  to 

them  on  a  voluntary  basis  by  sjppor':i:;g  or^  <:ion3,     7t  is,  therefore, 

difficult  to  set  requirements  f r .  scr.etlrln,    Jone  vclunta.^liy.     It  is  recommended 
that  SSIE  establish  a  folio   -np  canpaLgn  which  .*:it^eci;;-v:^lly  involves  verifying 
that  the  contract  nunbtir    j  accurate  and  complete;  this  includes  verifying 
that  dashes  and  spaces  w-re  in  the  correct  ^.-lace  sincn.  NTIL  cannot  search  con- 
tract numbers  unless  the  ccutri^.ct  ni^ber  appecr;s  exactly  iii  i:he  form  they  re- 
ceive i^.     By      -ifying  rh:s  one   -  osr.tlal  of  information  the  results 
obtained  from  searching  '.Tli^  files  wou  .c  incrc-.  .e  signi.cicaacly . 


b  X)  i.i 


469 


INDEX  TO  TABLES 


A  Page 

Abstracting  and  iiuiexing 

Expenditures  (Cost)  ,  „   298,299 

Institute  for  Scientific  7  ."onnation  ,   ,  293 

NFAIS  291,311 

Number  of  Organize t ions  289 

Overlapping  Coverage  Among  Secondary  Services    ,  294 

Subscription  Prices    296 

Academic  Libraries.     See  Libraries. 
Acquisition  and  Storage  {See  also  Libraries): 
Expenditures  (Cost) 

Books     .  „  ,  .   •  356 

Journals  357 

Libraries  232 

Other  Literature  ,  ,  359 

Reports  ,   358 

Total  35Z, 

Applied  Rescar'-^h.     See  Research  and  Development. 

Articles.     ^'Ce  Journals. 

Assimilation 

Expend it ures   (Cos t ) 

Books  „   .  348,356 

Distribution,  by  M-^  h'.ua  348 

Journals  ,   348,357 

Other  Literature   .  .    .       .   .   348,359 

Reports   .0.00  c  c   348,358 

Total   348,354 

Journals 

Citations    ,    339,342-344,366,367 

Association  of  Research  Libraries.     See  Librari-^s  * 


B 


Bachelor's  Dc^^ree.     See  Education. 

Baj-ic  Research.     Cce  Research  and  Developnient » 

Bibliograph  i  cs 

Nacionul  Union  Catalog   ^  c    ,    .    286 

Books 

Copies  »    .   .    c   .   «  Ill 

Copyright  Registrations  «    ,  „  198 

Expend! lures  (Cost) 

Composition  and  Recording    205 

Dis tr ibu ti on ,   bv  Funct  1  on  ,  356 

Reprodu'  t-iou  a;..;  Distribution     .    .    «  247 

Total  Communication  Costs    351 

Import  and  Export  102 

Number  of  Science  ard  Tcuhalca]   Titles  (l\S.) 

Distribution,   by  rieJd  of  Science  lO^i 

Total  97,103 

470 


INDEX  BOO-EDU 

Page 

Books  (Continued) 

Number  of  Total  Titles 

Great  Britain  ,   .    c   .  97 

U.S  97 

U.S.S.R  99,100 

Worldwide  96 

i    fee  111,116 

..cceipts  Ill 

Translations  e   .   .   -  .   c  196 


Cataloging 

Costs  299 

Ohio  College  Library  Center  -  284 

Communication  Costs  (See  also  specific  e?itries) : 

Distribution,  by  Function   .   e   .  354 

Books   .  356 

Journals  357 

Other  Literature  359 

Reports  c  ^  --^ijH 

Distribution,  by  Meclum  -  I 

Federal  Obligations  »    .   .   .   .   ?4 

Composition  and  Recording 

Expenditures  (Cost) 

Books   "  

Journals   .   .    .   .   »  2o3,357 

Other  Literature  .   .   »   -   .  359 

Reports    358 

Total     c   c  ^  ......  205,354 

Journals 

Author  Activities      200,201,204 

Computer  •'Science.     See  specific  entirj . 

Conference  Procce  '^v.^.s  «  189 


Copyright  Registrations 


198 


Data  Bn.sc  Search:  s 

Costf:   .    ,   ,   328,330 

Number  ^  -   330 

Develotv.-.en  t .     See  Research  and  IJ  vc  lopr.eri*: . 

Dissertations   .    •    ■>    -       *    •    •    ^    •   •    •    -    *    •   •    •  • 

Doctor's  D^jgrecs.     3cc  Education. 


Education 

Degrees  Earned 


EKLC 


^71 


EDU-IDE 

Page 

Education  (Continued) 

Bachelor:.   30-33, 42,  A3 

Distribution,  by  Field  of  Science   .  30-41,43 

Doctors   38-4M94 

Masters    34-37,  2,43 

Enrollment ,  degree-credit 

Distribution,  by  Field  of  Science   •   24,26-29 

T^ull-time  c   22,23 

Graduate   c   23,26-29 

Part-time    .    22,23,28,29 

Undergraduate    22 

Employment     ,   t   •   .   *    .    «  53 

Engineering.     See  cpecific  entries. 

Engineers.     See  Education,  Labor  Fr--e,  and  Salaries. 
Environmental  Sciences.     See  specij  entries. 


Federal  Government 

Source  and  U,-e  of  R5iD  Funds  .  .  «  < 
Federal  Obli.-ations 

Distribution,  by  Field  of  Scier.^o  , 

Distribution,  by  Function   

Distribution,  by  selected  agencies 


64-66,77,79,83-87,90 
.   .   .   .  77,79 


Total 


77- 


,83.90 
8;'-86 
87,90 
80,176 


Federal  S£.T  Lil  .  aries, 
Foreign  Coiuitrios 
Book.^ 

Great  Bricain  .  . 


See  Libraries 


Worldvide   c  . 

Journal s 

Citations,  selected  coun^  .  ..os 
Worldvide  .   « 

Translation       c  - 

France.     S-^.e  Foreign  coaniries. 


.  .  j7 
99,100 
.   .  96 


339,342 
.   .     32  > 


Gerr'-^ny.     S-^n  ForoL:;;n  cc  :ntries. 

GPO  ^  

Gross  N.-1L  ioiial  T-cucL  

Implicit.  Price  D  .'lator  91 


Identi    .  cn  t  i  'ii  and  Al- 
Expenditures    CC  t) 


.F.   (Src  ali:o  LibraricfO 


ERIC 


472 


INDEX  IDE-PRI 

Page 

Identification  and  Access  (Continued) 

Books  356 

Data  Base  Search  330 

Distribution,  by  activity    328 

Journals    357,368 

Other  Literature  359 

Photocopies    .....  331 

Reports   .   »  358 

Total  354 

Journals 

Articles  Identified    302,312 

Distribucion,  by  source  of  access    315,319 

Literature  Searches  ,  305 

Libraries 

Interlibrary  Lending    .   .    ,  325,326 

Indus tr> 

Source  and  Use  of  RSD  Funds  64-66 


Japan.     See  For   ^^Li  countries. 
Journal s 
Articles 

Average  N'  -nber  per  Scientist  and  Engineer  133 

Distribut xon,  by  Field  of  Science     .   1^   ,  130 

Number    129,130,133,203 

Author  Activiti-  ^    200,201,204,2^5 

Channels         Ideat:^"  f  ication   360,363,364 

Channels  of  Physi-al  Access    361,363,364 

Chara^'ceristics   208-210,214,241,243 

Citations    339,342-344,366,367 

/right  Regi.-trations  r  198 

Dis t^'ibu  tiop  ,   by  source  of  across  315,319 

Expenditures  (Cost) 

Acquisition  and  Storage     ....    276-^79 

Composition  and  Recording    203,205 

Distribution,  by  Channel  and  Subfunction   .   «   .  368 

Distribution,   by  Function  3.57 

Reproduction  and  Distribution     217,219,220,222,2.         -,229,231-239,243,24  7 

Total  CoiTiTnunica t ion  Costs     .    .    »    '  .  3^1 

-  ::.ti..n     302,312 

t\^-iinb^-w^   Science  and  Tecrir.ical  vU.S.) 

Distribution,   by  7;  ■:d  of  Science  129,130 

Tot:  J     .....  126 

Number,  Total 

U.S.  125 

Worldvid^*  -  125 

Periodicals  ,  <   .    .   .  167 

Price 

Foreign  Subscriptions    145,146 

Individual   Subscriptions    ,    Ib0,i65 


473 


JOU-NFA  ^^f^^-^ 


Page 


Journals   (Cont  i  luied)  154-156 
Institutional   Subscrip tionr.   ' 

Periodicals  240,241,243 

Publishing   -^^g 

Publishing  lag,  by  Field  of  Science    173,174 

Reprints  ' 

Subscriptions  (Sec  also  Journals,  Price):  ^  ^ 

Domestic  144^145 

foreign    ....  157,160 

Individual  «  ;       ....  148,149,357 

Institutional   ^  ^ 

Number,    distribution  by  Size   .    «  '^^'^ 

Number,  Total   ^^-^ 

Rates  of  Increase   


L 


Labor  Force  49 

Distribution,  by  Field  of  Scic     e  ....   

Research  and  Dcvelopnienr  Sci..    ists  and  ^n^^inocrs  49*53,133 

Scientists  and  Engineer-:^,  Total   * 

Libraries  ....  284 

Catalog!:  Service  .  .  •  "  ;  ; '  [  257,259,260,267,268,274 
Distribution,  by  type  of  library  ^ 

Expenditures  (Cost)  ^  276-279,282 

Acn    'sitions  and  Storage  ♦    ♦   ^53 

Average  Fxpenditu     s  per  Scientist    • 

Identification  and  Acces:^  267,268,274 

Material   .   .    .    .   •  •  •    .   *   ♦   259,260 

Total     ....       •   •  [       \  ^  265 

Holding  [   .   .   \    .   *   *   *  2  ■'5,326 

Interlibr^^y  lending     

John  Crer.:i   Library   [  272,286 


Library  of  Congress  .....  ^  . 
f-ubscript  ion  Prices 

Distribution,  by  Field  of  Sclonc 
Dist  rit)Ution,  by  type  of  Publish 

Volunies  Added  ,  ' 

Life  Sciences.     5cc  cpcc^r-'^^  cntvicc 


M 


Mr-  :ter  ^.  ^o.^rc-.     Sp.^  Fdti-.-tion. 
Mnthena:      >.     Sec  svcji-jic  CKivica. 


  ...  196 

Nationol   Iran.  .  -^^^ov.  Center  

NrATS.     5.^.-^  Ab?MM-Mng  and  Tnrioxing, 


474 


INDEX 


NON-PUB 


Page 

Nonprof  it  Inscitut  ion 55 

Source  anH  !:se  of  R5xD  Funds  6A~66 

NTIS 

Copies  Sold  180 

Items  Processed    ^"^6 

Reports  Processed     .    176 

Revenue  180 


0 

Oiiio  C:)llej3e  Library  Ce^^r.cr    284 

Organization  and  Controx  {See  also  Libraries  arid  Abstracting 
and  Indexing) : 
Expenditures 

Books   .356 

Journals   .   357 

Library  282 

Other  Literature  359 

Reports  358 

Total  ,   299,354 

Other  LitoriLurc 

Book  Tran^  l.it  i  ons  196 

Conference  Free     di:v^  189 

Copyright  Registrations    198 

Dissertations    -    194,205 

Expenditures 

Coinpo:s  L  Lion  and  Record  1^;^  205 

Distribution,   by  Function   .    •   •  359 

Total  Conniunica  t  ion  Coses  351 

Pat^M    s  _   193,205 

Other  Sciences.     See  sv^cific  entri-JS. 


P 

Patents    193,205 

Photocopies   328,33:'. 

Physic^ll  Sciences.     Sec  zpe^' ^u*  entvic3. 
Population 

Annual  Rates  of  Tncrense    16 

Distribution,   by  s^.-^ected  a^e  g:"'- -"ps   .    .    .  15 

r.abor  Force  Age  Br/.  :ket  19 

Psychology .     See  spej-i^ict  entries. 

PaL'lic  Libraries.     S^e  Libraries. 

Publishur^     {5e^.  ::lsc  Repruduc  t:  i  ^      <ind  Dis  trlbut.  ion)  • 

Foreign  Subscript  "  ons ,  by  type  of  1  .blisher     .    .   l':4 

Institur  ionaJ    Su  h;-' c  r  i  p :  ions  ,  by  ty[-e  of   '\ihlisher  148 

Library  :"'uhsr    -'ptlon  Pric-s,  by  type  of  "ublisher  154 

Page  Chr^  '-os  245 

Publishing  Ln/,    bv   field  of   scicr.ee  139 

Revenue   240 


ERIC 


475 

5(39 


RES-TKC 


INDEX 


Page 


Research  and  Dcve  1  op,  .'jnt 
Funds 

Distribution,  by  Ba;;ic,  Applied,  and  Development  .  .  c  .  .  .  60,61,68-73 
Distribution,  by  Sector  64-66,63-73 

Funding  Salarv  Index    133 

Ratio  of  R^D  Funds  to  GNP  91 

Ratio  (  .*  Ri^D  Funds  to  Scientists  and  Ent^ineers  133 

Source  and  Use  of  «   .   «   .       ,-G6, 68-73 

Total  ,   .   .    .  50,61,133,157 

Rr5;earch  Libraries  .     See  T.ibr  aries  . 
Repor t  s 

Expend  i tures  (Cost) 

Composition  and  Recording  ....   205 

Distribution,  by  Function    358 

ReproducL !  .'n  and  Distribution  247 

Total  Cor:;uunica tion  Cost  351 

GPO  185 

NTIS  o  176,180 

Rep r oduc  t i      and  D i  ^  t r ibu t  i on 

Copies 

Books  Ill 

Journals    142,145,149,157 

Expend itur  o  s  {Cost) 

Book.  356 

Journals   217  ,  219  , 220  ,  222  ,  224  ,  226  ,  229  ,  231-239  ,  .^45  , 357 

Other  Literature  359 

Reports  358 

Total  ^   247,354 

PubJ  ishir.:; 

Foreigit  Subscriptions,   by  type  of  P;:blishGr  

Inrtit'itionnl  Subscriptions,  by  tyr..  of  Publisher  

Library  Subscription  Price,   by  type  of  Publisher    ....  154 

^ngc  Charges  «  245 

Publishing  LaC>         field  of     c i e ■  v: e  "  139 

Revenue  «   ^  240 


Salaries    -    57,1J3,217 

Scientists.     ^'^•^r,  Pd;j  r   ^  i  <  >n ,   Labt/r  ro.  't',   JiKd  Salaries. 
Soe  i  a  1   S  c  i  on c  t- s  .     J-'-s  o • '  '       'S^  o -sr  , 
Special   Libraries.     See  Li  br  ir  ic:-; . 
Subscripti'       .     ^'^CC  Journals. 


Tochn....  '   P.jports.     Sec  Reports. 

476 


INDEX 


UNI-USS 


Page 

U 

United  Klne:Io;n.     See  Foreign  Countries.. 
Unlversi  t^>;s  and  Col  leges   (.'7..^?  rilco  Education): 

iiourve  and  Use  of  R^.D  Funds  '■'•'■bb 

U.S.S.R.     Sec  Foreign  Countries. 


^^  t 


477 


